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ABSTRACT 
The Kilombero Valley lies at the intersection of a network of protected areas that 
cross Tanzania. The wetlands and woodlands of the Valley, as well as the forest of 
surrounding mountains are abundant in biodiversity and are considered to be critical areas 
for conservation. This area, however, is also the home to more than a half million people, 
primarily poor smallholder farmers. In an effort to support the livelihoods and food 
security of these farmers and the larger Tanzanian population, the country has recently 
targeted a series of programs to increase agricultural production in the Kilombero Valley 
and elsewhere in the country. Bridging concepts and methods from land change science, 
political ecology, and sustainable livelihoods, I present an integrated assessment of the 
linkages between development and conservation efforts in the Kilombero Valley and the 
implications for food security. This dissertation uses three empirical studies to understand 
the process of development in the Kilombero Valley and to link the priorities and 
perceptions of conservation and development efforts to the material outcomes in food 
security and land change.  
The first paper of this dissertation examines the changes in land use in the 
Kilombero Valley between 1997 and 2014 following the privatization of agriculture and 
the expansion of Tanzania’s Kilimo Kwanza program. Remote sensing analysis reveals a 
two-fold increase in agricultural area during this short time, largely at the expense of 
forest. Protected areas in some parts of the Valley appear to be deterring deforestation, 
but rapid agricultural growth, particularly surrounding a commercial rice plantation, has 
led to loss of extant forest and sustained habitat fragmentation. The second paper focuses 
 
ii 
examines livelihood strategies in the Valley and claims regarding the role of 
agrobiodiversity in food security. The results of household survey reveal no difference or 
lower food security among households that diversify their agricultural activities. Some 
evidence, however, emerges regarding the importance of home gardens and crop 
diversification for dietary diversity. The third paper considers the competing discourses 
surrounding conservation and development in the Kilombero Valley. Employing q-
method, this paper discerns four key viewpoints among various stakeholders in the 
Valley. While there are some apparently intractable distinctions between among these 
discourses, consensus regarding the importance of wildlife corridors and the presence of 
boundary-crossing individuals provide the promise of collaboration and compromise.  
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CHAPTER 1 
BALANCING AGRICULTURAL DEVELOPMENT AND CONSERVATION NEEDS 
IN THE TROPICS: INTRODUCTION AND BACKGROUND TO THE CASE OF 
TANZANIA’S KILOMBERO VALLEY 
 
1.1 Introduction 
The past fifty years have witnessed major increases in agricultural production, 
reducing hunger despite substantial growth in the global population. Within the next fifty 
years, the human population will likely exceed 10 billion (PRB 2012), and food 
production will need to double to meet the growing demand of a larger and more affluent 
population (Tilman et al. 2001). Much of the recent increases in agricultural expansion 
have taken place in the Tropics, and this trend is likely to continue into the future in 
concert with land grabbing there (Global Land Project 2010), raising concerns over 
tropical deforestation and loss of biodiversity (Gibbs et al. 2010). Along with the 
immediate threat of habitat destruction, loss of forest and other changes in the landscape 
have profound impacts on ecological processes and the associated environmental services 
at local, regional and global scales (Foley et al. 2005; MA 2005). At local scales, these 
tradeoffs have immediate implications for the livelihoods and food security of rural 
populations, particularly the poor (Barraclough & Ghimire 1995). For these myriad 
reasons, understanding the relationships between land change and livelihoods presents a 
key challenge for food security and sustainable development.  
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These intersecting challenges of development and environmental conservation are 
coming to a head in sub-Saharan Africa. Given the continued yield gaps in sub-Saharan 
Africa (Licker et al. 2010), a growing coalition of international programs have sought to 
support an ‘African Green Revolution’ that will support food security and lift millions 
out of poverty (Sanchez et al. 2009). Despite the promise for such growth in sub-Saharan 
Africa, concerns remain that Africa will also face the detrimental impacts of Green 
Revolution technologies (Evenson and Gollin 2003) and experience the increased 
deforestation observed elsewhere in the Tropics as commercial agricultural development 
changes the drivers of land change (Rudel, Schneider, et al. 2009). Deforestation rates in 
Africa are already among the highest in the world, with 34-41 thousand km2 of tropical 
forest lost each year throughout the past two decades (FAO 2010), and any future 
changes in agricultural production must be weighed in relation to further environmental 
impacts as well as gains in human wellbeing.  
Tanzania has been a primary target of many international efforts to support 
agricultural development and also has a long history of international collaboration for 
wildlife conservation. The country’s internal agricultural development policies encourage 
foreign investment and private-public partnerships, creating a favorable environment for 
many development programs, including the United States’ Feed the Future program. 
Using the Kilombero District of central Tanzania as a case study, this dissertation 
considers the changing agricultural sector of Tanzania and assesses the implications on 
land cover composition and pattern as well food security. This region is emblematic of 
many development programs across sub-Saharan Africa, representing a push by private-
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public partnerships to increase agricultural yields, and thus economic development 
through technological intensification. This effort, in turn, raises the concerns of 
conservation organizations regarding the importance of the region for wildlife habitat and 
as a migration corridor between key protected areas, including two national parks.  
This dissertation examines social and environmental outcomes of agricultural 
development in Tanzania’s Kilombero Valley. Drawing from a land systems approach to 
sustainability science (Turner, Lambin, and Reenberg 2007) and linking this approach to 
concepts from sustainable livelihoods and political ecology literatures, this dissertation 
provides an integrated assessment of the coupled human-environment system in order to 
support the efforts of multiple stakeholders. Three intersecting aspects of sustainable 
development are examined: 1) impacts of agricultural programs on land change and forest 
fragmentation, 2) the relationship between agricultural/livelihood strategies and food 
security outcomes, and 3) competing understandings and perceptions of development and 
conservation needs.  Figure 1 outlines the relationship between these various 
components, tracing the impact of problem framing to specific program activities to 
changes in land use and livelihood strategies, through to outcomes in food security. 
Specifically, this work addresses the following questions: 
1) What changes in the architecture of the landscape (composition and 
configuration) have emerged since Tanzania’s privatization of agriculture and the 
implementation agricultural development programs in the Kilombero Valley?  
2) Does agricultural and livelihoods diversification contribute to food security of 
households in Kilombero District?  
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3) How do understandings/perceptions of development and environment differ 
among stakeholders in the Kilombero Valley? 
 
Figure 1: Conceptual Framework Linking Dissertation Research Questions 
 
1.2 Research Background 
This research builds upon methods and concepts from the interrelated but often-
disparate fields of sustainable livelihoods and land change science. Commensurate with 
the phenomenon of study in sustainability science, the social-environmental systems 
(SES), land-change science addresses sustainable development of SESs by joining 
various conceptual and theoretical lineages that have emanated largely from research 
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focused on either the social or environmental subsystems of the SES. Recent 
developments in land change science, most notably the advancement of the concept of 
land system architecture, promise to support sustainable development and livelihoods 
studies by explicitly addressing the linkages and feedbacks between the biophysical 
dimensions of land change and human outcomes. 
 
1.2.1 Land Change and Land System Architecture 
Agricultural production is a major driver of changes in land cover with 
implications for a suite of other environmental services from local to global scales (MA 
2005). Thus, decision-makers must balance the inherent cross-scale tradeoffs involved in 
land-use choices in order to reduce undesired consequences for environmental services 
that may result from attempts to improve food security through changes in agriculture 
(DeFries, Foley, & Asner 2008). Understanding these tradeoffs is a principal concern for 
sustainability science with its focus on the intersection of social, economic, and 
ecological outcomes (Giddings, Hopwood, & O’Brien 2002; Kates & Parris 2003) and 
has become a key objective of land change science as well. Land change or land system 
science, embedded within sustainability science, has contributed to our understanding of 
the dynamics underway (Turner et al. 2007), and coupled with ecosystem-resilience 
research (Folke 2006; Folke et al. 2002), offers insights into both the drivers and 
consequences of changes in land systems (Gutman 2004). This field of inquiry joins 
remote sensing, human, and environmental sciences to understand the social-
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environmental system dynamics of land change and subsequent outcomes, such as 
vulnerability, resilience, and sustainability (Turner, Lambin, and Reenberg 2007).  
In regard to sustainability, the land change science and landscape ecology 
communities increasingly recognize that environmental services are affected by more 
than changes in land composition and magnitude, but by the configuration or architecture 
of the change, otherwise referred to as land system or landscape architecture (LSA) (B. L. 
Turner et al. 2013; Wu 2013). LSA also considers the cross-scale relationships of land 
change, environmental services and human outcomes. The ecological sciences have 
similarly recognized the need for study of landscape dynamics in order to understand 
system resilience and ecosystem sustainability (Cumming 2011; Wu 2013). Despite 
identifying landscape sustainability as a primary research topic in landscape ecology 
more than a decade ago (Wu and Hobbs 2002), research in this domain continues to be 
insufficient. This land system perspective promises to help address longstanding 
challenges for sustainable development, such as addressing cross-scale processes, and 
evaluating tradeoffs in decision-making.  
To date, this concept has not been widely applied by the land change community 
to understand food systems or agricultural development, but the LSA approach promises 
to contribute to its understanding and that of the resilience of food systems, particularly 
among smallholder communities and agricultural economies. This approach facilitates 
analysis of the tradeoffs associated with agricultural development, and provides an 
opportunity to understand the impacts of land change on other components of rural 
livelihoods that contribute to food security. Recent efforts to evaluate tradeoffs from 
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land-cover change have primarily focused on the modeling and mapping of ecosystem 
services (e.g. Nelson et al. 2009), but relatively few have sought to look beyond 
aggregated economic outcomes to understand the distribution of benefits for various 
stakeholders (an exception being Fisher et al. 2011). This challenge of linking regional 
scale environmental change to disaggregated local and household processes poses a key 
challenge for LSA.   
Nonetheless, research that precedes the emergence of land change science also 
provides insights into the processes of agricultural development and land-cover change, 
providing hypotheses about agricultural development and changes in land architecture. 
Studies of food security and sustainable livelihood provide an entryway into the social 
components of land systems, offering insights into both the drivers and impacts of land 
change. 
 
1.2.2 Food Security and Sustainable Livelihoods 
A primary concern for this assessment and land system architecture generally is to 
understand the social dynamics of land systems. One of the principle outcomes of 
concern for agricultural development is food security, but extensive research has 
demonstrated that food security depends not only on agricultural production but also on 
the various entitlements structures that enable access to food (Sen 1981; Devereux 2001). 
Research on land change and food security usually focuses strictly on agricultural 
production, often at regional or global scales (e.g. Licker et al., 2010), but rarely 
addresses other factors of food security. In contrast, household scale analysis using a 
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livelihoods approach has helped to broaden assessments of food security beyond a focus 
on production alone (Devereux and Edwards 2004), and to evaluate the sustainability of 
rural activities, thus complimenting the objectives of LSA and sustainable landscape 
studies.  
More specifically, livelihoods perspectives are concerned with characterizing the 
diverse ways that people go about gaining a sufficient material living by using resources 
and engaging in different activities (Chambers, 1995). A livelihood is considered to be 
sustainable or resilient when it provides the ability to cope with, recover from, and adapt 
to stresses and shocks without compromising environmental integrity (Chambers & 
Conway, 1992). Depending on the specific contextual conditions and the resources 
available, individuals adopt a portfolio of livelihood strategies that contribute to social 
and environmental outcomes (Scoones, 1998). This approach gained popularity in 
response to development efforts that were critiqued for their uniformity without regard 
for specific context and conditions (Zoomers 2006). In contrast, livelihoods literature has 
emphasized the importance of local social conditions for determining the ability of 
individuals and groups to access resources. For rural communities, natural capital is a 
critical component of a sustainable livelihood, and may be greatly altered by changes in 
both the resource base and institutions that regulate access to a resource (Leach, Mearns, 
and Scoones 1999). 
In general, livelihoods research has revealed the increasing importance of asset, 
income, and activity diversification for supporting rural livelihoods in Africa (Barrett, 
Reardon, and Webb 2001). The choice to diversify may be motivated by an interest in 
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stabilizing income amidst variable conditions or given seasonality, or it may be driven by 
a lack of access to necessary assets, such as land. In other cases, diversification is 
motivated by changing opportunities amidst shifting conditions, i.e. environmental, 
market, or technological change. Although, rural populations in Africa are increasingly 
seeking opportunities outside of agriculture, there is evidence that initial access to land 
and environmental assets may ease the transition to nonfarm activities. Resources 
dependence can create vulnerabilities for rural populations, but access to a diversity of 
natural assets may also provide important coping mechanisms, enhancing adaptive 
capacity (Eriksen, Brown, and Kelly 2005). As such, there is a need to understand how 
the prioritization of assets and activities by smallholders and development programs 
shape the landscape, as livelihoods and land change display a reciprocal relationship with 
co-produced social and environmental outcomes (McCusker and Carr 2006; King 2011). 
Understanding these linkages can contribute to decision-making that supports sustainable 
development in complex social-ecological systems. In this context, there remains a need 
to understand the spatial dimensions of livelihoods and how landscapes may be designed 
with concepts from landscape ecology in such a way that supports multifunctional 
solutions for both livelihoods and environmental services (Lovell and Johnston 2009).  
Integrating and accommodating diversity into development programs poses a set 
of challenges, and eschews prescriptive solutions. Scott (1998) argues that the failure to 
account for contextual realities and diversity has led to the failure of many utopian 
projects. Similarly, Bebbington (1999) cites the gross failure of many development 
projects in the 1990s, as the result of a lack of understanding of the diverse activities of 
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rural populations; rural populations are neither homogeneous in their activities nor their 
perceptions. With regard to land use and resource management, heterogeneous actor-
specific experiences can greatly transform perceptions and prioritization of 
environmental services, and the prioritizations manifest in socially differentiated views of 
land use (Robbins 2003; Diaz et al. 2011). Because perceptions are entangled in social 
relations, and precursors to action, many food security studies have begun to focus on 
perceptions of insecurity (Carr 2006). However, this food security and related livelihoods 
literature have given less attention to how these perceptions affect the relationship 
between livelihoods and landscape, or its spatial manifestations (however, see Palacios 
2013 for an example that seeks to bridge these various topics).  
As land cover and land rights change with agricultural reforms in Tanzania, 
subsequent changes in availability and access to resources may also alter the 
sustainability of rural livelihoods. Past research in Tanzania, for example, suggests that 
rural populations diversify their economic activities in response to insufficient access to 
land (Ellis and Mdoe 2003). In general, livelihood diversification appears to be an 
important strategy for increasing income and reducing vulnerability among the rural poor 
(Ellis 2000). These past studies indicate that change in land systems may directly affect 
livelihood strategies and also food security.  
 
1.3 Study Area 
Like much of Sub-Saharan Africa, Tanzania continues to face the challenges of 
poverty and food insecurity owing to its level of economic development and to its rapid 
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growth in population – which is expected to double the population by 2050 (PBR 2012). 
More than 34% of the population lives in poverty, and 40% of children in Tanzania suffer 
from malnutrition. Inefficiencies in agricultural production have led to persistently low 
yields across this region, contributing to food insecurity. Tanzania recently began 
undertaking major efforts to increase agricultural production through a program known as 
Kilimo Kwanza, a component of the Agricultural Sector Development Program (ASDP). 
A main feature of Kilimo Kwanza’s program is the Southern Agricultural Growth 
Corridor of Tanzania (SAGCOT), a region targeted for economic growth and foreign 
investment. SAGCOT’s approximately $2 billion USD budget is funded primarily by the 
United States’ Feed the Future program and the World Bank. These umbrella programs 
encompass numerous efforts, but they have played an important role in initiating 
investment in the Kilombero Valley, which has been identified as one of eight key 
growth clusters in the SAGCOT region.  
This research explores these development efforts in the Kilombero Valley, which 
spans the districts of Kilombero and Ulanga in the region of Morogoro (Figure 2). 
Portions of this research consider land change in all of the Kilombero Valley, while 
detailed household surveys provide information about livelihood strategies in eight 
villages (Kidatu, Msolwa Ujamaa, Katarukila, Mang’ula, Njage, Ikule, Mbingu, and 
Mngeta) in Kilombero District. In addition to being an important agricultural region, this 
area is recognized as globally important for biodiversity (Myers et al. 2000). 
Deforestation, however, threatens the biodiversity in this region and has already claimed 
some 57% of the submontane forests since 1955 (Hall et al. 2009). Large areas of the 
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Kilombero Valley are protected as National Parks and other designated conservation 
areas, but the enforcement and resources vary across these protected areas.  
 
Figure 2: Study Area Shown with False-color Composite (NIR, Red, Green) of Landsat Imagery with the 
Outline of Kilombero District in White.  
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This area also has a long history of productive activities, but agricultural land use 
has expanded increasingly rapidly over recent years following a growth in population and 
commercial production. Sugar production dominates the northeastern portion of the 
Valley, anchored by the Illovo Sugar Company’s plantation in Kidatu and Kilombero 
Town. To the Southwest, rice production prevails in the seasonally inundated floodplain. 
The recently opened Kilombero Plantations Limited (KPL) rice farm covers much of the 
landscape in the village of Mngeta, and has spawned new smallholder activities as well 
through its outgrower program. Alongside these large-scale agricultural programs are 
numerous other projects that support smallholder farmers and further encourage 
agricultural growth. The palpable tension between conservation and development 
agendas necessitates careful assessment in order to balance tradeoffs and to ensure 
sustainable growth. 
 
1.4 Organization of Dissertation 
 This dissertation seeks to understand the food system of the Kilombero Valley as 
a coupled social-ecological system, thus characterizing both human and environmental 
processes of change emerging from changes in agriculture and livelihoods. In 
combination, these studies seek to characterize the interaction of development and 
conservation endeavors in the Kilombero Valley in order to inform pathways to 
sustainable development. The three research papers that comprise this study are outlined 
below.  
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1.4.1 Land Change in the Kilombero Valley 
Chapter 2 identifies changes in land cover across Tanzania’s Kilombero Valley, 
focusing on changes in the District of Kilombero surrounding two major agricultural 
development endeavors. This chapter compares land cover in 1997, prior to privatization 
of agricultural firms, and in 2014, focusing on tradeoffs between forest and agriculture. In 
addition to quantifying the categorical changes in land cover between these two periods, 
changes in spatial configuration were quantified along a transect through the Kilombero 
Valley.  
 Land cover was mapped using composited Landsat images from the two time 
periods. The imagery was classified using an object-based approach (Blaschke 2010). 
The segmentation of the satellite images into image objects was conducted using the 
ENVI remote sensing software package while the classification was conducted using the 
Random Forest algorithm available in R. Following image classification; the classified 
maps were evaluated in two ways. First, a cross-tabulation matrix estimated specific 
categorical transitions between the two periods. These categorical transitions were 
measured for 1) the entire Kilombero Valley and surrounding environs, including all of 
Kilombero District and parts of Ulanga and Iringa Districts, 2) Kilombero District only, 
and 3) areas inside protected areas only. Second, spatial metrics are assessed along a 
transect through the Kilombero Valley, providing details on the extent of forest 
fragmentation during the period of study. The transect traverses the main roadway 
through Kilombero District that connect two major commercial farms to markets.  
 
 
15 
1.4.2 Food Security and Diversification 
 Chapter 3 examines the relationship between food security and various livelihood 
activities in the Kilombero Valley, including agricultural practices. This chapter seeks to 
understand how agricultural and livelihoods diversification affect food security and 
dietary diversity. The study addresses the competing ideas surrounding development 
strategies with regard to agricultural specialization and agrobiodiversity.  
 A detailed household survey conducted in eight villages during the summer of 
2014 provides the basis for the analysis in this chapter. The 280 survey responses provide 
information on household livelihood strategies, resource use, agricultural practices, and 
assets. This chapter presents an analysis of these surveys, characterizing differences in 
food security among households that engage in varying numbers of livelihood activities 
and that grow different numbers of crops. Using a series of statistical tests, the analysis 
tests the hypothesis that all households across the eight villages will share the same level 
of food security and dietary diversity regardless of livelihood strategies. In addition, this 
chapter provides additional demographic information for the data-poor area.  
 
1.4.3 Viewpoints on Development and Environment 
 Chapter 4 considers the importance of perceptions for framing problems and 
enacting strategies for development. This chapter systematically presents the dominant 
subjective framings of conservation and development issues in the Kilombero Valley 
using Q-method (Robbins and Kruegger 2000).  
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 Representatives from different development organizations, agricultural 
cooperatives, conservation organizations, and agricultural outreach offices were 
interviewed during the spring and summer of 2014. All of these organizations have 
operations in the Kilombero Valley that support economic development or conservation. 
Following the interviews, representatives participated in a follow-up activity, known as a 
q-sort. The q-sort allows participants to organize a series a statements based on their level 
of agreement. All of the statements were drawn from prior interviews and represented 
conceptualizations of the local ecology and development needs. A factor analysis 
organizes these responses to reveal archetypal subjectivities (or discourses) among the 
respondents. This analysis demonstrates the areas of agreement and contestation 
surrounding development and conservation in the Kilombero Valley.   
 
 
 
17 
CHAPTER 2 
AGRICULTURAL DEVELOPMENT AND DEFORESTATION: A REMOTE 
SENSING ANALYSIS OF CHANGES IN SPATIAL COMPOSITION AND 
CONFIGURATION FOLLOWING TANZANIA’S AGRICULTURAL 
PRIVATIZATION 
 
2.1 Introduction 
Most of the world’s prime arable lands have been developed and future gains in 
food production will be met by increasing yields on existing agricultural lands, especially 
where production shortfalls occur, or by expanding into marginally productive lands, 
commonly uncultivated. Such areas, especially in the tropical and subtropical world, 
often display high poverty rates and persistent food insecurity, warranting agricultural 
development (Godfray et al. 2010; Licker et al. 2010).  Tropical forests have been the 
primary source of much of this development over the past 20 years (Gibbs and Ruesch 
2010), threatening this biome that contains 42% of the world’s trees (Crowther et al. 
2015) and containing a significant portion of global biodiversity, raising equally 
significant environmental concerns. These contrasting needs and concerns entail 
important tradeoffs between enhancing agricultural production and maintaining natural 
habitats.  
 These tradeoffs are particularly pronounced in sub-Saharan Africa, where global 
forces are pushing forward an agenda of agricultural development in hopes of bringing 
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about an African Green Revolution that will increase productivity and lift the population 
out of poverty (Sanchez et al. 2009). As these changes take root in this sub-continent, it 
remains to be seen if increases in production can be achieved without major deforestation 
and environmental degradation associated with the Green Revolution in South and 
Southeast Asia (Evenson and Gollin 2003). Both concerns about and motivations for an 
African Green Revolution are due to Africa’s rapid deforestation, which has occurred at a 
rate of approximately 34-41 thousand km2 per year throughout the past two decades 
(FAO 2010).  Here and in the Tropics more generally, a primary concern for conservation 
has emerged not only for the protection of biotic diversity and environmental services 
(Joppa and Pfaff 2011; Pimm et al. 2001) but for its role in the storage of carbon stocks 
(Harris et al. 2012; IPCC 2012) becoming a primary target of global payment for 
ecosystem services programs, most notably REDD+. 
Remote sensing has facilitated large-scale monitoring of land-cover change in the 
Tropics, particularly changes in forest and agricultural land uses (Defries and Townshend 
1999; Asner et al. 2009; Hansen, Stehman, and Potapov 2010). In addition to providing 
an ability to monitor change across large areas, remote sensing data now provide detailed 
imagery extending back five decades. The Landsat mission, in particular, has provided 
imagery spanning the globe since 1972 and spectrally and spatially coincident data sets 
since 1982 (Rogan and Chen 2004). The resulting wealth of information on the extent 
and rates of change in deforestation in the Tropics (Achard et al. 2002) is foundational to 
insights on the drivers and consequences of this forest change (Lambin et al. 2001; Rudel, 
Defries, et al. 2009). Models that integrate remote sensing with other socioeconomic data 
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have demonstrated the role of agricultural commodity prices, land rents, and access to 
markets in driving land use decisions and deforestation (Irwin and Geoghegan 2001; 
Turner et al. 2001). Meanwhile, large-scale studies have linked observed patterns of 
deforestation to changes in demand and processes of urbanization in distant locations 
(e.g. DeFries et al. 2010). Comparing global patterns in deforestation, no single 
explanation nor pattern prevails, rather an array of proximate and distal drivers are 
apparent in different contexts, necessitating localized assessment of the myriad 
conditions (Angelsen and Kaimowitz 1999; Lambin et al. 2001; Geist and Lambin 2002).  
While the overall trajectory of changes in land areas, such as the conversion of 
natural or minimally disturbed lands, is a critical issue for conservation, the connectivity, 
shape, and arrangement of both extant habitat and agricultural lands merit attention in 
these human-dominated landscapes. These configurations of the landscape are significant 
for the maintenance of environmental processes, ecosystem services, and the maintenance 
of species and genetic diversity (Turner, Gardner, and O’neill 2001).  Rather than 
focusing solely on the loss of forest to agriculture, others have suggested the growing 
need to understand the configuration and quality of the agricultural landscape matrix 
(Perfecto and Vandermeer 2010) and the importance of landscape pattern for sustainable 
development (Wu 2013). This more nuanced perspective on land-cover change responds 
to arguments for in situ conservation in human-dominated landscapes due to the potential 
suitability of low intensity land uses for wildlife habitat (Daily et al. 2003). Matrix 
quality is influenced by the intensity and specific practices in agricultural plots, but also 
by the presence of habitat patches, hedgerows, and other features that may support 
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connectivity across gaps in ecosystems. Gap structure has a major impact on dispersal of 
many vertebrate species as well as rates of tree mortality (Laurance, Vasconcelos, and 
Lovejoy 2000; Fahrig 2003; Laurance et al. 2007), and when suitable habitat is low in 
abundance, preservation of key areas and improvement of connectivity may reduce 
population extinctions (Fahrig 2001). As such, wildlife corridors are widely considered to 
be important to support the viability of fragmented populations, although the evidence for 
efficacy of these strategies remains contested (Bailey 2007), largely due to gaps between 
concepts and implementation (Beier and Gregory 2012). 
 These concerns and issues coalesce throughout eastern Africa and especially in 
Tanzania, where the expansion of intensive agricultural programs is juxtaposed to rich 
biodiversity. Considering the growing importance of understanding landscape pattern 
noted above, this chapter assesses changes in landscape pattern surrounding two major 
agricultural development projects in Kilombero District of central Tanzania. This region 
incurs development programs similar to others across sub-Saharan Africa in which 
private-public partnerships seek to leverage technological intensification to boost yields 
and to create economic opportunities. This effort, in turn, raises the concerns of 
conservation organizations regarding the importance of the region for wildlife habitat and 
as a migration corridor between key protected areas, including two national parks.  
 This research asks three questions pertinent to the problem of agricultural 
development and conservation in the region. [1] What changes in land cover and land-
cover patterns have taken place in the Kilombero Valley between 1997 and 2015? [2] 
Have these changes differed across protected and unprotected areas? And, [3] where have 
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these changes occurred in relation to large commercial agriculture projects? In order to 
evaluate these issues, land cover maps from 1997 and 2014 are compared throughout the 
Kilombero Valley and along a spatial transect in Kilombero District. The time period 
examined coincides with two major changes in land-use management in the region. First, 
in 1998 the Government of Tanzania privatized the state-held sugar plantation, around 
the same time of the designation of the Udzungwa Mountains as a forest reserve, now a 
National Park, began.  
 To answer these questions, the land cover of the Kilombero Valley is modeled to 
map changes between the periods preceding and following the privatization of 
agricultural production in the Kilombero Valley. The land cover maps utilize advanced 
machine learning algorithms and methods for extension of training data sets in order to 
provide a multi-temporal assessment of land cover. Using two land cover maps from the 
period preceding privatization of agriculture and the period subsequent to it, categorical 
changes with particular attention to the loss of forest and its fragmentation inside and 
outside of protected areas by assessing the changes in the size, connectivity, and 
abundance of forest patches using a series of spatial metrics. In addition, this analysis is 
applied to a major roadway that connects the rice and sugar plantations to markets.  
 
2.2 Study Area 
The Kilombero Valley is located in the region of Morogoro in Central Tanzania, 
and is noted for both its ecological significance and its importance as a planned center of 
agricultural production in East Africa. The Valley comprises a mixture of lowland 
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woodlands, wetlands, agricultural lands, and closed canopy forests. The Valley is 
bisected by the Kilombero River, which seasonally inundates large portions of the Valley. 
The Udzungwa Mountains, the southernmost extent of the Eastern Arc Mountains 
stretching from Kenya, abut the Valley. These mountains have been designated as a 
biodiversity hotspot, and are home to numerous endemic species, including at least 96 
endemic vertebrate species, such as the Udzungwa Red Colubus (Burgess et al. 2007). 
The mountains are also an important source of water for the estimated 528,000 residents 
of Kilombero District. In addition to water, the mountains are a major source of 
fuelwood, construction materials, and industrial uses that support the rural economy 
(Burgess et al. 2007; Swetnam et al. 2011).  
 The importance of the Eastern Arc Mountains for biological conservation, 
coupled with the threat of high rates of deforestation has led to their designation as a 
globally-important biodiversity hotspot (Myers et al. 2000; Mittermeir et al. 2004). For 
these and other reasons, a large portion of the Udzungwa Mountains is designated as a 
National Park and Forest Reserve, which restrict extractive activities (Green et al. 2013; 
IUCN and UNEP-WCMC 2010). Designation of such protected areas throughout the 
Eastern Arc Mountains has been credited with slowing down the rapid deforestation that 
has led to the loss of nearly 80% of historical forest, with 25% of forest area lost since 
1955 (Hall et al. 2009). Deforestation, however, persists in both protected and 
unprotected areas, primarily threatened by conversion to agriculture and timber collection 
for fuel and production of coal (Burgess et al. 2007; Schaafsma et al. 2012) .  
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 Closed canopy evergreen and semi-evergreen forests dominate the landscape of 
the Udzungwas, while the lower elevations of the Valley host wetlands, bushland, and 
miombo woodlands, a low-statured forest occurring throughout southeastern Africa 
(Rodgers 1996). These woodlands maintain closed or near-closed canopies, may 
experience seasonal inundation, and have lower biodiversity and provide fewer 
ecosystem goods than the evergreen forests (Burgess et al. 2010; Swetman et al. 2011). 
The miombo is interspersed among wetlands and grasslands, and are particularly 
common in the Eastern portions of the Valley adjacent to the Selous Game Reserve. The 
wetlands of the Kilombero Valley are also designated as protected areas by the 
RAMSAR Convention and the Kilombero Game Control Area. Under these designations, 
hunting is forbidden in large portions of the interior of the Valley, and agriculture is 
restricted in some cases. The lower elevation areas of the Valley regularly experience 
flooding from the Kilombero and Ruaha rivers, making the roadways impassable during 
the rainy seasons.  
 Despite these constraints on land uses, the Kilombero Valley is an important 
agricultural zone in Tanzania. Since colonial times, if not before, the fertile soils of the 
Kilombero flood plain have produced an array of crops, most notably cotton during 
colonial rule, and rice and sugar following independence. The productive potential of the 
area has made it a focus of national and international development programs. In 
particular, the nationwide program, known as Kilimo Kwanza (agriculture first) was 
launched in 2006 with aspirations to kick-start Tanzania’s economic growth. The 
Southern Agricultural Growth Corridor of Tanzania (SAGCOT) is a centerpiece of this 
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strategy. The growth corridor and its non-profit namesake seek to develop the agricultural 
sector by focusing on lands highly suitable for key crops and essential infrastructure. 
Among the growth clusters being developed by SAGCOT is the Kilombero cluster.  
 Large-scale rice and sugar production programs in this region have been 
highlighted as exemplary models of public-private partnerships to increase production 
and benefiting smallholder farmers. In the northeastern extent of the Valley, Illovo Sugar 
operates a large plantation and production facility that also purchases sugar cane from 
cooperatives of independent growers. Illovo began operations in the region in 1998, after 
structural adjustment programs privatized government owned businesses, including the 
Kilombero Sugar Company in 1998. The Illovo Sugar Company of South Africa now 
owns the operation, but the government of Tanzania maintains a 25% share.  
 In 2008 the Kilombero Plantations Limited (KPL), a subsidiary of the British firm 
Agrica, acquired over 5,000 hectares of land in the Kilombero Valley to establish a 
commercial rice plantation in the village lands of Mngeta. As with the Illovo Sugar 
Limited operations, KPL has emphasized out-grower programs; the company asserts that 
over 3,500 farmers work as out-growers, who produce on their own land according to the 
company’s specifications and then sell their product to the company. The rice plantation 
is noted for its promotion of intensive agricultural practices, particularly the System for 
Rice Intensification (SRI) developed at Cornell University. KPL established the SRI 
center in Mngeta, and has actively promoted these practices through extension efforts to 
increase quality and yields among local farmers.  
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 Population has grown at a rate of 3.9% and is estimated to now be at 528,800 in 
Kilombero District alone (estimate based on the 2002 census measurement of 321,611). 
With continued growth and as multiple interests pursue agricultural development in the 
Kilombero, many organizations have voiced concern over the continued loss of habitat 
and erosion of wildlife corridors in the area. Some early studies report that migratory 
corridors for elephants have been completely lost due to continued agricultural expansion 
(Rovero and Jones 2012). Nonetheless, there has been surprisingly little analysis of land-
cover change and agricultural expansion in the region.  
Other studies have examined land-cover change in this region, but they have 
focused on earlier time periods (before 2000; Mbilinyi and Malimbwi 2006; Hall et al. 
2009) and/or utilized far courser datasets (500 meters; Green et al. 2013). In addition, 
past studies have not explicitly characterized changes in the extent of agriculture, or 
changes in the connectivity of forest fragments, as undertaken here. In addition, this study 
utilizes more advanced land cover classification methods that promise to increase the 
accuracy of land cover and conservation mapping. 
 
2.3 Data and Methods 
2.3.1 Imagery and Pre-processing 
Land cover maps were created using Landsat Thematic Mapper (TM), Enhanced 
Thematic Mapper (ETM+) and Operational Land Imager (OLI) Images. Given the 
difference in band specifications between Landsat 4/5 and Landsat 8, all OLI bands were 
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re-labeled to correspond to TM/ETM+ (i.e. bands 2, 3, 4, 5, 6 and 7 were re-labeled as 1, 
2, 3, 4, 5, 7) and are reported as such throughout this document. To cover the full extent 
of the study area required images spanned four Landsat scenes (Paths 167 and 168 and 
Rows 165 and 166). When possible, images were acquired from the months of June and 
July in order to reduce cloud cover and to capture the growing season in agricultural 
areas. These months correspond with the transition from the rainy season (which usually 
ends in June) to the dry season and harvest (late July and August) for dominant crops 
(rice and sugar). When necessary due to cloud cover, images were also used from June. 
In most cases, entirely cloud free images were not available, thus multiple Landsat 
images were composited in order to fill gaps from clouds. In addition, gaps in the Landsat 
ETM+ data were also filled using other images. At times, this required the use of images 
from the prior year’s dry season. A detailed list of the images used are shown in table 1. 
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Table 1: Landsat Images Composited for Each Scene, Including Sensor, Year, and 
Calendar Day of Acquisition. 
 2014 1997 
 Path 168 Path 167 Path 168 Path 167 
Row 65 OLI 2014 178 
OLI 2014 194 
OLI 2014 210 
OLI 2013 168 
ETM+ 2014 166 
OLI 2014 171 
OLI 2014 299 
OLI 2015 158 
ETM+ 2015 198 
 
TM 1995 174 
TM 1997 195 
TM 1997 211 
 
TM 1995 183 
TM 1995 199 
TM 1996 186 
TM 1997 204 
  
Row 66 OLI 2013 159 
OLI 2013 191 
OLI 2014 194 
ETM+ 2012 158 
OLI 2013 168 
OLI 2014 158 
ETM+ 2014 166 
OLI 2014 171 
TM 1995 174 
TM 1997 211 
TM 1997 243 
TM 1995 167 
TM 1995 183 
TM 1996 170 
TM 1997 204 
 
All data were downloaded from Earth Resources and Observation Science Center 
using their Environmental Science Processing Architecture Interface (ESPA). ESPA 
provides geometrically corrected data that are converted to surface reflectance using the 
Landsat Ecosystem Disturbance Adaptive Processing System (LEDAPS).  LEDAPS 
estimates aerosol optical thickness with the dark dense vegetation (DDV) method, and 
FMask to create a cloud cover mask (Zhu and Woodcock 2012). In addition, the data 
were topographically corrected to reduce the effects of mountainous terrain, using cosine 
correction (Teillet, Guindon, and Goodenough 1982) with the Shuttle Radar Terrain 
Model (SRTM) 30-m digital elevation model.   
Cloud cover was extensive, covering 10 to 20 percent of most images. An 
automated process was developed using the R statistical software package and used to 
iteratively fill gaps from cloud cover in the target images. As noted, ESPA provides a 
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cloud mask that is created using CFMask (Zhu and Woodcock 2012). After identifying 
gaps in the target image, an automated process selected clear pixels from one to four 
other images to fill these gaps. The fill images were selected chronologically, drawing 
clear pixels from the images closest in date to the target images (based on number of days 
between the two images). The code simultaneously updated a quality assurance image 
that documented the source image for every pixel. Finally, remaining gaps were filled, 
when possible, using a moving window filter. The moving window assigned any 
remaining no data pixels the mean value of all surrounding valid pixels within a twenty 
five-pixel window (150m x 150m). The moving window was applied twice in order to fill 
larger gaps. After filling gaps, the images in each path, i.e. paths 167 and 168, were 
mosaicked for each year using the geospatial data abstraction library (GDAL).  
 
2.3.2 Ancillary Variables 
In addition to the spectral data, several ancillary variables were created to support 
classification. These included three normalized difference indices: normalized difference 
vegetation index (NDVI), normalized difference wetness index (NDWI), and normalized 
difference soil index (NDSI). Due to differences in the imagery dates between the two 
paths, all difference indices were derived for the mosaicked path images rather than 
mosaics of the entire study area. Principal components analysis of the mosaicked images 
reduced the spectral data from mosaicked images of the entire study area (mosaics of all 
four Landsat scenes), and the first and second principal components were maintained for 
the land-cover model. Finally, SRTM elevation data were used to derive the slope and 
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aspect (in radians) using the terrain tool in the R ‘Landsat’ packages.  These ancillary 
variables are documented in table 2.  Contextual variables were derived from these 
datasets using the object-based classification methods described below.  
 
2.3.3 Image Segmentation and Object-based Variables 
An object-based approach to land cover classification was employed in order to 
better represent contiguous areas of land cover and to increase the information available 
for the classification algorithm. Object-based image classification uses a two-step process 
to first segment the image and then to classify it (Blaschke 2010). The segmentation 
process first groups neighboring pixels together into image objects based on the similarity 
of their brightness. After splitting the image into objects, the image segmentation package 
then merges neighboring image objects with similar characteristics. ENVI’s image 
segmentation tool supported this analysis. The segmentation utilized NDVI and the first 
and second principal components, while merging was based on NDVI only – a 
segmentation threshold of 10 was used and a merging threshold of 80 using the Edge and 
Full Lambda options respectively (thresholds are unitless measures and determined based 
on a trial-and-error process). Once the objects were created, the software calculated a set 
of descriptive statistics based on the values of all pixels within the object and the shape of 
the object. The full set of statistics is reported in table 2. 
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Table 2: All Variables Used in the Image Classification 
Category Metrics 
Multispectral Data (20) Band 2 – Average, Standard Deviation, Minimum, Maximum 
Band 3 – Average, Standard Deviation, Minimum, Maximum 
Band 4 – Average, Standard Deviation, Minimum, Maximum 
Band 5 – Average, Standard Deviation, Minimum, Maximum 
Band 6 – Average, Standard Deviation, Minimum, Maximum 
Standardized Indices (12) NDVI – Average, Standard Deviation, Minimum, Maximum 
NDSI – Average, Standard Deviation, Minimum, Maximum 
NDWI – Average, Standard Deviation, Minimum, Maximum 
Principal Components (8) PCA 1 – Average, Standard Deviation, Minimum, Maximum 
PCA 2 – Average Standard, Deviation, Minimum, Maximum 
Terrain (8) Slope – Average, Standard Deviation, Minimum, Maximum 
Aspect – Average, Standard Deviation, Minimum, Maximum 
Texture Variables (20)  Band 2 – Variance, Entropy, Average, Range 
Band 3 – Variance, Entropy, Average, Range 
Band 4 – Variance, Entropy, Average, Range 
Band 5 – Variance, Entropy, Average, Range 
Band 7 – Variance, Entropy, Average, Range 
Image Object Shape (9)  Area 
Length (length of all polygon boundaries) 
Compactness (area of polygon compared to circle with diameter equal 
to the minimum width of the polygon’s bounding box) 
Convex (ratio of convex hull length to total boundary length) 
Solidity (ratio of area to convex hull area) 
Roundness (comparison of polygon area to maximum diameter of the 
polygon) 
Form Factor (comparison of area to square of the perimeter) 
Elongation (ratio of maximum axis and minimum axis lengths) 
Rectangular Fit (ratio of actual area versus bounding box area) 
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Table 3: Derivation of Standardized Indices 
Metric Formula 
Normalized Difference Vegetation Index (NDVI) 
 
Normalized Difference Water Index (NDWI) 
 
Normalized Difference Soil Index (NDSI) 
 
 
2.3.4 Image Classification 
The image was classified using a random forest classifier (using the 
‘randomForest’ package in the R statistical package), which is an ensemble machine 
learning method for classification and regression analysis that uses bootstrapping or 
bagging to aggregate decision tree classifiers. The random forest classifier creates a 
specified number of decision trees using the training dataset and then chooses the mode 
of the classifiers. Random forest utilizes a bagging approach, whereby the data are subset 
into calibration and validation sets for each iteration. This iterative approach is intended 
to reduce the problems of overfitting common to classification and regression trees 
(CART). Classification and regression trees have been widely applied in remote sensing 
for image classification, but random forests have only recently gained attention due to 
their potential to provide a lightweight ensemble model that can build upon the strengths 
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of a traditional regression tree. Specifically, this nonparametric classifier has been shown 
to be less sensitive to noise and overtraining.  
Training data were derived using a stratified sampling method, based on an 
existing land use map, the National Forest Monitoring Assessment (NAFORMA) of 
Tanzania. The government of Tanzania created this map in conjunction with the Food 
and Agriculture Organization of the United Nations as part of a nationwide inventory of 
forests in 2010. From each class, 200 pixels were randomly selected, and then the 
spatially coincident image objects were identified. Each image object was classified 
based on interpretation of high-resolution images in Google Earth. The GeoEye imagery 
in Google Earth was primarily from 2014 and 2015, thus providing a temporally 
appropriate source of ground truth data for the circa 2014 image. Because image objects 
encompassed multiple pixels, the final number of training sites was approximately 800 
(Figure 3 shows the sampling scheme). 
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Figure 3: Stratified Sampling Scheme Based on Existing NAFORMA Land Cover 
Data 
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Using this training set, a Random Forest classifier underwent 600 iterations and 
constructed a model to predict the land cover across the entire study area for five land 
cover classes (Forest, Wetland, Agriculture, Water, and Bushland). In order to reduce 
confusion due to image acquisition dates, each Landsat path was classified independently 
and mosaicked to generate the final classified images. The circa 2014 imagery was 
classified first and used to support the selection of training data for the 1997 image.  
 Because imagery was not available for the earlier time period, image objects that 
were spatially coincident with the training objects in 2014 and that showed little 
likelihood of change between the two time periods was identified. To ensure that training 
data would be valid across all three periods, a change/no change image was derived from 
the NDVI, NDSI, and NDWI images. Areas of no change were identified by subtracting 
the two images and then calculating class specific z-scores for each pixel of the 
difference image. The formulation of class specific z-scores used the equation:  
 
 
where zjk is the z-score for pixel j of class k, rijk is the reflectance for band i at pixel j of 
class k, μick is the mean of all pixels of class k, σick is the standard deviation of all 
pixels in class k.  
Finally, image objects were identified from 1997 that had a minimum of 10% 
overlap with the training objects from the circa 2014 image and that had z-scores less 
than 1. These spectrally stable image objects were assumed to represent areas of no 
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change, and were thus assigned the same class as their spatially concurrent objects in 
2014. Utilizing these training data, the Random Forest package created a model to assign 
land cover to all objects in the circa 1997 image. Given the time period here, the regrowth 
of the forest in the study area was was not possible, so to reduce errors and to only track 
losses in forest, pixels with forest in the circa 2014 image were assumed stable and 
corresponding pixels in 1997 were also classified as forest. In addition, a visual 
inspection identified any training data that had clearly undergone recent changes or that 
was problematic due to its location, for example, forests on the bank of a river that floods 
regularly.  
 
2.3.5 Change Detection 
The method used constitutes a generalized pre-classification change detection 
method, creating a basic map of change and no-change. In addition to this change 
analysis, a post-classification change analysis was conducted by overlaying the two land-
cover maps and identifying categorical changes using the cross tabulation function in the 
Idrisi software package. Categorical transitions are calculated for four different areal 
extents: 1) the entire mapped area, 2) Kilombero District only, 3) protected areas, and 4) 
other (not protected) areas.   
  Following the image classification, several spatial metrics provided information 
on changes in landscape configuration. The objective of this portion of the analysis was 
to understand landscape homogenization and fragmentation among agricultural and forest 
lands in the Kilombero Valley. The Fragstats software package (McGarigal and Marks 
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1995) was used to calculate landscape metrics for areas along a transect in the Kilombero 
Valley (Figure 4). The transect roughly follows the major roadway through Kilombero 
District that connects the rice and sugar plantations to the closest markets in Ifakara and 
Mikumi. At 10 kilometer intervals, all landscape metrics for 30 by 30 m2 area was 
calculated. This size represented the approximate distance between the Udzungwa 
Mountains and the Selous Game Reserve, providing an assessment that is relevant to the 
study of wildlife migration and corridor loss in the region.  Specifically, the metrics listed 
in Table 4 examined changes in the diversity of the landscape covers, average distances 
between patches of forest and agriculture, contiguity of the land covers, and average size 
of the land cover patches.  
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Table 4: Spatial Metrics Used in the Transect Analysis 
Abbreviation Title Description 
PLAND Percent of Landscape Proportional area of entire image subset occupied by this one 
land cover class. Reported in graphs as PLAND10, which is 
PLAND multiplied by 10 for visualization purposes.  
PD Patch Density The number of patches of a given class per hectare. Reported 
as PD1000, which is PD multiplied by 1000 for visualization 
purposes. 
LPI Largest Patch Index The proportional area of an image subset occupied by the 
single largest patch of a given class.   
AREA_MN Mean Patch Area The average area of all patches of a given class. 
AREA_MD Median Patch Area The median area of all patches of a given class.  
FRAC_AM Fractal Dimension 
(Area-weighted mean) 
A measure of the departure from Euclidean geometry, 
characterizing the amount of shape and edge complexity.  
PARA_MN Mean Perimeter-to-Area 
Ratio 
The ratio of the perimeter to the area, providing a measure of 
shape complexity. 
ENN_MN Mean Euclidean 
Distance to Nearest 
Neighbor 
The mean straight-line distance to the closest patch of the 
same class.  
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Figure 4: Roadway Shown with the Boundaries of the Image Subsets Used in the 
Transect Analysis  
 
2.4 Results 
2.4.1 Land Cover Classification 
The land-cover maps from 1997 and 2014 are shown in Figure 5. The four 
classifications (Paths 167 and 168 for years 1997 and 2014) yielded similar accuracies 
but the 2014 images fared best, based on producers’ accuracies unless otherwise 
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specified. The classification of the circa 2014 image obtained an overall accuracy of 82% 
with class accuracies varying between 93% (water) and 62% (bushland). Errors for the 
prediction of water were particularly high for path 168 in the circa 2014 image due to a 
low number of training sites; this area is in the rain shadow of the Udzungwa Mountains. 
The overall accuracy for the circa 1997 image was 80%. In both the 2014 and 1997 
images, the forest and agriculture classes had producers’ accuracies of 85% or higher and 
users’ accuracies of 82% or higher.  These levels of accuracies meet the commonly 
excepted standard of 80% overall accuracy for land cover maps. Detailed class 
accuracies, including both user and producer accuracies are reported in Tables 3 and 4. 
Following the standard method for random forests, the out-of-bag error estimate (OOB) 
in cross-tabulation matrices is reported.  
 
2.4.2 Post-classification Change Detection 
The post-classification change detection revealed extensive forest loss and 
expansion of agriculture in the Kilombero Valley and surrounding environs.  Across the 
entire study area, one-third of forests were lost, representing a deforestation rate of 
approximately 2% per year. Meanwhile agriculture expanded by over fifty percent, 
moving into the Valley’s wetlands and outward into the surrounding woodlands and 
forests (Figure 6). Much of this growth took place in the Kilombero District, which saw 
over a 90% increase in agricultural land, primarily at the expense of forest and wetlands. 
Table 5 provides the full cross-tabulation matrix, representing all land cover transitions. 
In total, over 8 million hectares of forested area were lost during this period, while 
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agriculture and bushland gained over 3 and 4 million hectares, respectively. Of the 
agricultural growth, approximately 85,000 hectares were conversions of forested land. 
Wetland and bushland also appeared to expand during this period, likely representing 
deforestation due to timber harvesting and grazing of livestock.  
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Figure 5: Land cover Maps from 1997 (Top) and 2014 (Bottom). Cyan=Wetland, 
Green=Forest, Orange=Agriculture, Blue=Water, Yellow=Bushland/Open Areas 
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Table 5: Out-of-bag Error Estimates from the 2014 Land Cover Classification 
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Table 6: Out-of-bag (OOB) Error Estimates for the 1997 Land Cover Classification 
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Figure 6: Changes in Agriculture (Top) and Forest (Bottom). Green = Gains, 
Red=Losses 
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Table 7: Land Cover Transitions Matrix 
  
2.4.3 Changes inside and outside protected areas 
Protected lands were not immune to agricultural expansion. Within the protected 
areas (excluding the recently established RAMSAR site), rates of deforestation were 
similar to those in other areas. Protected areas also saw a dramatic increase (237%) in 
agricultural land, gaining over 1 million hectares.  This gain was far less than in other 
areas, and came primarily at the expense of wetlands.   
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2.4.4 Transect Analysis 
The transect analysis reveals that changes in landscape pattern varied throughout 
the Valley (Figure 7). Along the major roadway through Kilombero District patterns of 
agriculture correspond to the proximity to the Mngeta rice plantation (at approximately 
30,000 m along the transect) and the Kidatu Sugar plantation (approximately 140,000 m 
along the transect). The area surrounding Mngeta, in particular, displays a dramatic 
change in the proportional area of agriculture, the largest patch index and the mean patch 
area for agriculture. A six fold increase in agricultural area at 30,000 m was the largest 
increase along the transect. This increase in agricultural area was accompanied by an 
approximately 48-fold increase in largest patch size, which indicates that agriculture 
transitioned from smaller fragmented patches through either increased plot sizes or 
infilling of previously uncultivated lands. Most of the areas along the transect underwent 
increases in agricultural patch sizes (AREA_MN and AREA_MD), but these were 
greatest in the areas west of Ifakara. In general, the increased LPI and west of Ifakara 
demonstrates decreasing permeability of the agricultural landscape due to a loss of 
intersecting non-agricultural features.  
Correspondingly, from 30,000 to 50,000 m along the transect, the mean distance 
between forest patches (ENN_MN) also displayed increases of about 60%. Approaching 
Ifakara, at approximately 80,000 m, the distance between forest patches decreased by as 
much as 18% or saw small changes between 1997 and 2014. The mean distance between 
forest patches, however, begins to increase quickly approaching 110,000 m, where the 
ENN_MN increased by 80%. Approaching Kidatu, the ENN_MN increased, but at a 
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lower rate. These changes in mean distance coincide with a decrease in patch density 
across much of the study area. Patch density may decrease due to aggregation and 
infilling of existing land cover patches, or the loss of extant patches. In 1997, the greatest 
patch density of forest was found in the lower Valley, near the start of the transect (0-
30,000 meters). By 2014, the patch density had decreased by nearly 70% in this area, and 
decreased across most of the transect, save for a stretch from 70,000 to 100,000 m, where 
patch density increased. Given that all of the transect saw losses in forest, the increasing 
patch density in the middle of the transect is due to increased forest fragmentation and 
not agglomeration of forest patches. This increased patchiness also explains the observed 
decrease in ENN_MN, as increasing the number of patches may actually reduce their 
average distance when single patches are split into smaller neighboring patches. This is 
also corroborated by 40% decrease in mean forest patch area.  
 In general, the pattern of forest distribution has shifted along the transect between 
1997 and 2014. Whereas, the lowest proportional area of agriculture was previously in 
the central area of the transect, beginning at Ifakara (between 80,000 and 10,000 m), this 
area actually had the highest proportional area of forest in 2014 and showed the least loss 
of forest (approximately a 20% decrease). In contrast, the areas at either end of the 
transect saw losses of 50% to 70% of forest area, with the greatest losses at the beginning 
of the transect, approaching Mngeta.  
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Figure 7: Spatial Metrics Along a Transect in Kilombero District 
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2.5 Discussion and Conclusions 
2.5.1 Promise for Sustainable Development 
Agricultural expansion and deforestation are occurring at high rates in the 
Kilombero Valley, particularly within Kilombero District. The combination of post-
classification change detection and pattern analysis along a transect reveal the changes in 
the composition of the landscape as well as the changes in the spatial configuration, 
particularly of extant forest patches. The transect analysis identifies key areas of change, 
which can aid in decisions about targeted conservation and development efforts. Given 
the major changes in agricultural production – the privatization of farms, investment in 
SAGCOT, and the establishment of a new rice plantation – the transect analysis also 
provides a means to observe the reach of the impact of these changes.  
 Perhaps not surprisingly, the greatest changes in forest and agriculture are 
apparent in the areas surrounding the Kilombero Rice Plantation (KPL). While 
agricultural production was present previously in this region, it represented a small 
portion of the landscape. KPL established operations in 2008, and the village of Mngeta 
has grown rapidly since. While KPL operates its own private farmland, it also purchases 
from over 3,000 smallholder farmers that grow rice to the specifications of the company. 
While providing an important new source of income for the local population, this 
commercialization of agricultural production in the lower valley has likely contributed to 
the increased expansion of production and the high rates of deforestation. This impact 
comes in spite of the highly efficient production techniques required of out-growers, who 
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are expected to use the system of rice intensification that may more than quadruple yields 
in this region.  
 The areas surrounding the Illovo Sugar Plantation in the upper Kilombero Valley 
saw far less change during the period of study. The stretches of the transect from the 
120,000 m to the 150,000 m lost less than 15% of forest area. This area also maintains the 
highest proportional areas of forest in the study area. In contrast to the lands in Mngeta, 
many of the forested areas here are protected as National Parks or Game Reserves. The 
conservation efforts likely explain the lower rates of deforestation as well as the slower 
rates of agricultural expansion. Despite the successes in forest conservation, the 
connectivity of these patches has decreased with time along this stretch, and the 
decreased patch density suggests that small extant patches of forest have been lost. These 
patches can serve as important links between larger protected areas, and this empirical 
evidence supports claims that wildlife corridors between the Selous and Udzungwa 
Mountains have been lost (Jones et al. 2012). 
 While conservation in Kilombero District seems to be effectively slowing 
deforestation, there were no notable differences in deforestation between protected and 
unprotected areas when considered in aggregate for the entire study area. As such, 
apparent differences in the effectiveness of the Kilombero Valley’s conservation efforts 
are revealed. These differences require further evaluation to understand why some 
protected areas have effectively staved off land clearing, while others continue to see 
intrusion of agriculture and conversion to bushlands. It is also possible that the increased 
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protection of forests in the Northeast of Kilombero District has encouraged that southern 
expansion of agriculture, representing a leakage effect (Lambin and Meyfroidt 2011). 
2.5.2 Limitations of Study 
The above results reveal the rapidity of both deforestation and agricultural 
expansion in the Kilombero Valley. Concerns over the rapid loss of natural habitat and 
the destruction of wildlife corridors have been cited elsewhere, and similar rates of 
deforestation have also been reported in East Africa, specifically the Eastern Arc 
Mountains (Hall et al. 2009). Nonetheless, the rates of deforestation here are likely 
overestimated due to multiple factors. First, despite the fair levels of accuracy for forest 
in this area, the error in the maps may be compounded when conducting a comparison for 
change detection. These errors are particularly pronounced for the bushland class, which 
experienced confusion with both agriculture and forest. Further distinctions between 
lowland and montane forests, as well as the inclusion of phenological information may 
help to reduce these errors. Other errors in classification and subsequent change detection 
are also likely due to seasonal differences in the images. The circa 1997 map is 
comprised primarily of images obtained later in the calendar year, and thus agricultural 
crops were more developed or even entering harvest periods. Likewise, the extent of 
floodwaters were visibly greater during this period and soils were likely more inundated, 
leading to some confusion between wetlands and other areas. These conditions that 
contributed to misclassifications in each period help to explain the likely overestimation 
of forest loss.   
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 Nonetheless, further interpretation of these results also reveals the areas that 
accurately represent change. Agriculture in both years had relatively high producer’s and 
user’s accuracies. Furthermore, agriculture shows very little loss in area, and the majority 
of loss in agriculture was to bushland. Thus any documented transitions from forest to 
agriculture are likely represented accurately.  
 Finally, the pre-processing of the imagery in order to fill cloud gaps also 
introduced some problems for classification. The multi-temporal composites vary in the 
spectral characteristics depending on the acquisition dates of each pixel. The training data 
were not stratified to represent the variations in spectral signatures due to differences in 
acquisition dates, and thus some misclassification may be due to within-image 
differences in phenology. Upon visual inspection additional artifacts from the gap filling 
process are apparent, but appeared to have relatively little impact on the final 
classification.  
2.5.3 Conclusions 
 These observations present both promise and concern for future agricultural 
development in the Kilombero Valley. The stability of agriculture and forests in the upper 
Kilombero demonstrate the potential of conservation and agriculture to coexist through 
effective management. However, the rapid deforestation and agricultural expansion of the 
lower valley indicate that efforts to develop a commercial agriculture sector will also 
have unintended consequences for conservation. The Kilombero Valley of Tanzania 
contains one of the largest and most rapidly growing agricultural areas in the country and 
promises to become an important breadbasket for East Africa, but these changes must be 
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balanced with the preservation of this ecological important region. Preservation of 
ecological corridors, targeted placement of protected areas, and careful planning of new 
agricultural developments may all help to ensure a sustainable pathway for this region. 
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CHAPTER 3 
SITUATING AGROBIODIVERSITY: DIVERSIFICATION STRATEGIES AND 
FOOD SECURITY IN TANZANIA’S KILOMBERO VALLEY 
 
3.1 Introduction 
Food security, commonly defined as all people, at all times, have physical and 
economic access to sufficient, safe and nutritious food to meet their dietary needs and 
food preferences for an active and healthy life (World Food Summit 1996), continues to 
be a major focus of development endeavors around the world. The global population is 
expected to reach 9 billion by 2050, raising concerns for food security given that about 
16% (900 million) of people are already malnourished. Improving food security while 
also supporting the availability of natural resources and functioning of ecosystems for 
future generations is one of the grand challenges facing humanity (Godfray et al. 2010).   
Diversity of agricultural systems is increasingly cited as an essential component 
of sustainable development and a strategy to balance these social and environmental 
concerns (Royal Society 2009; Kahane et al. 2013).  Diversity is considered to be a 
central feature of complex adaptive systems, and biodiversity, in particular, has been 
shown to support the resilience and productivity of different ecosystems (Tilman 1994; 
Isbell et al. 2011). In food systems, agrobiodiversity is argued to support food security 
and conservation across scales. At a global scale, the erosion of agrobiodiversity (loss of 
genetic variation among crops) may reduce the adaptive capacity of food systems to 
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changing climatic conditions. At landscape scales, agrobiodiversity may support 
ecosystem services and the creation of wildlife friendly landscapes (Perfecto and 
Vandermeer 2010). Agrobiodiversity is also thought to support rural livelihoods in 
numerous ways, particularly the increased maintenance of ecosystem services, 
diversification of diets, and reduced vulnerability to environmental fluctuations (Jackson 
et al. 2010).  Understanding of diversification at this household scale is particularly 
important to development endeavors that often have dual objectives of poverty alleviation 
and food security.  
Many of these arguments for agricultural diversification have long existed the 
agroecology literature (e.g. Altieri 1999), which seeks to improve agricultural production 
through a focus on the ecological processes of agricultural systems (Gliessman 2005). 
Although some argue that agrobiodiversity and agro-ecological approaches can support 
poverty reduction (Altieri and Rosset 1999), other studies have shown that farmers with 
greater crop diversity may have lower incomes. Discrepancies in outcomes from crop 
diversification are affected by an array of factors, particularly the myriad ways that rural 
households support their livelihoods through off-farm activities, leveraging other 
financial resources social capital, and natural capital (e.g. Ellis 2001, Scoones 2009) to 
procure many of the benefits posited to arise from agricultural diversification. The 
desirability, feasabiity, and scalability of diversification in development endeavors, thus, 
must be situated in the context of broader household diversification strategies. 
This paper seeks to determine the role of household diversification strategies on 
the household food security and nutritional diversity.  This paper considers these 
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differences in the context of the numerous ways that rural households constitute a living, 
supporting their food security through a mixture of subsistence production, wage labor, 
and other non-farm activities. Figure 8 outlines the linkages between food security and 
household diversification that this study explores. This chapter examines these linkages 
through a case study of agricultural diversification in the Kilombero Valley of Tanzania, 
where smallholder producers are engaged in agriculture, but also display increasing 
diversification in their livelihood strategies. The transformations underway in the 
Kilombero Valley are not unlike those elsewhere in sub-Saharan Africa where various 
actors are seeking to bring about a Green Revolution in Africa. With international 
support, this region is undergoing a rapid change in production, driven technological, 
infrastructural, and institutional innovations (Sanchez 2015). Such wide scale changes to 
food systems, however, also threaten to disrupt existing instruments and strategies to 
support food security and to improve the resilience of rural households to shocks. As 
such, there is an ever-increasing need to assess the extent, benefits, and potential of 
existing household diversification strategies.  
 
Figure 8: Conceptual Framework for Analysis, Linking Diversification Strategies to Food Security. 
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3.2 Background 
The biodiversity of agricultural ecosystems has become a major theme in 
sustainability studies, capturing the intersection of issues of food security, development 
studies, and conservation. The establishment of Diversitas’s agroBIODIVERSITY 
program, in particular, led to extensive research addressing the potential benefits and 
strategies to increase agricultural diversity (Jackson 2005). Likewise, other international 
programs have highlighted the importance of in situ resource conservation, including 
recommendations arising from the UN Conference on Sustainable Development. The 
discussion over the management of agroecosystems has arisen in response to a global 
concern over the erosion of biodiversity and loss of ecosystems (MA 2005), and 
agrobiodiversity is presented in the context of debates over the merits of intensive versus 
land sparing approaches to agricultural development, and the potential for synergies 
among these strategies (Green et al. 2005; Matson and Vitousek 2006; Scherr and 
McNeely 2008; Perfecto and Vandermeer 2010). On the one side, lies and argument that 
moving toward more intensive and large-scale production will be more efficient and 
prevent future losses of land. On the other side, is the claim that wildlife-friendly and low 
impact practices will allow for in situ conservation and reduce environmental 
externalities of agriculture.  
These debates over agrobiodiversity and sustainable development, however, are 
scale dependent and encompass various facets of diversity. Concerns over conservation 
of genetic diversity of food species are commonly discussed in relation to their presence 
in the face of commercial cultivation (e.g., Zimmerer 2013) and to their importance for 
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adaptation to emerging environmental conditions and resilience amidst environmental 
shocks (DiFalco and Chavas 2008; Reidsma and Ewart 2008; Zimmerer 2010)(Di Falco 
and Chavas 2008; Reidsma and Ewert 2008; K. Zimmerer 2010). Landraces, crop variety, 
and species diversity shape agrobiodiversity at the field level, and in turn impact the 
composition of the broader agroecosystem or landscape (Tscharntke et al. 2005). At field 
and landscape scales, crop variety and agroecosystem may be diversified in a manner that 
supports ecosystem services, particularly nutrient cycling and trophic interactions 
(Vandermeer and Noordwijk 1998; Altieri 1999)Furthermore, diversity in the functional 
groups of crop species may stabilize yields and reduce susceptibility to environmental 
shocks (Loreau et al. 2001; Swift, Izac, and van Noordwijk 2004). 
These concepts follow findings in resilience and systems thinking, particularly 
theories of complex adaptive systems (CAS), which portray systems as constantly in flux 
with multiple possible states of equilibrium (Holling 1973; Levin et al. 1998). Diversity 
is an important trait of CAS because of its role in supporting novelty, contributing to non-
equilibrium dynamics, and allowing for a system to absorb and to re-organize after 
disturbances (Holling and Schindler 1995; Folke et al. 2004). Research on ecological 
systems similarly displays the importance of biological diversity, demonstrating its role 
in supporting self-organization (Levin 2005) and productivity (Tilman, Wedin, and 
Knops 1996; Carvalheiro et al. 2011), and more recently, its role in maintaining 
ecosystem services (Isbell et al. 2011).  
Many of these concepts from ecology transfer easily to the study of bounded 
agroecosystems, but few agroecosystems are truly closed systems, and more often than 
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not, substitute ecological functions through inputs of nutrients and energy. Furthermore, 
agroecosystems are managed by human actors, which in turn links them to broader social 
and economic systems across scales. In order to understand food security outcomes and 
decision-making processes of farmers, it is necessary to situate agroecosystems in the 
context of a larger social-ecological system (SES), in this case a food system (Ericksen 
2008; Ingram, Ericksen, and Liverman 2010). Linking the biophysical and social 
subsystem are important to informing sustainable development and to understandings of 
vulnerability and resilience (Turner et al. 2003; Eakin and Luers 2006). 
  Research on agrobiodiversity has a particular focus on the activities of 
smallholders – those accessing less than 2.0 hectares of land – in developing countries. 
These smallholders provide the majority of foodstuffs in their settings, including both 
subsistence and commercial production. Globally, the population of smallholders is 
thought to be between 2.0 and 2.5 billion (IFAD 2015), primarily in Africa, Asia and 
Latin America. Despite smallholders being the primary target of agricultural development 
and food security debates, most claims regarding the benefits of agrobiodiversity for 
these populations are largely speculative or circumstantial. Some research from 
developing countries indicates that diversification increases productivity (Pretty et al. 
2006) and that small farms tend to have greater productivity per area (Swallow et al. 
2009). Others argue that greater biodiversity may not only support productivity and 
conservation, but also enhance the nutritional diversity and incomes of smallholders 
(Brookfield 2001; Johns et al. 2013; McCord et al. 2015). Farmers are generally thought 
to diversify as a strategy to reduce risk, and also to improve profit (Cutforth et al. 2009; 
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K. S. Zimmerer 2010). Theoretical models in economics demonstrate how crop diversity 
may support more stable and higher incomes among farmers (Di Falco and Perrings 
2003). For these reasons, some researchers have argued that agrobiodiversity may play a 
critical role in supporting sustainable intensification in the places where the poor and 
malnourished live (Tscharntke et al. 2012). 
Despite this promise, challenges arise regarding the management of 
agrobiodiversity, and the immediate benefits may be diminished by individual and 
household factors. Rather than simply assuming that smallholders will or should seek to 
enhance biodiversity, a household based approach addressing the dynamics of human-
environment systems, particularly agroecosystems, is needed to understand the level of 
diversity maintained (e.g. Zimmerer 2004) as well as its connections to food system 
resilience in the face of global environmental change (Ericksen, Bohle, and Stewart 
2010). Through a mixture of crop diversification and a distribution of household labor, 
smallholders may successfully and sustainably increase their yields and maintain their 
food security (Netting 1993). Despite the importance of household decision-making, the 
majority of agroecological research continues to focus on agricultural practices and not 
social dynamics (Ferguson and Morales 2010). For example, household characteristics, 
such as family size, and local land tenure regimes, however, are often important 
determinants of agricultural productivity (Netting 1993; Turner and Ali 1996) 
Past food security and development programs have beem critiqued for 
undervaluing the importance of non-farm activities in supporting rural livelihoods 
(Bebbington 1999). Households, however, obtain food through an array of entitlement 
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exchange mechanisms, many of which are linked by complex networks to distant 
production systems. Studies throughout the developing world have long revealed off-
farm sources of income and employment play an increasingly important role in household 
food security and livelihood security (Barrett, Reardon, and Webb 2001; Rigg 2006; 
Reardon, Stamoulis, and Pingali 2007). Given the changing characteristics of rural 
livelihoods, research must  also consider how these households leverage the increasing 
connectivity of rural areas to urban and global markets (Lerner and Eakin 2011).  
Livelihoods have been broadly defined as “the command an individual, family, or 
other social group has over an income and/or bundles of resources that can be used or 
exchanged to satisfy its needs.  This command may involve information, cultural 
knowledge, social networks and legal rights as well as tools, land and other physical 
resources (Blaikie, Davis, and Wisner 2004).  Livelihoods have been examined through 
the lens of the Sustainable Livelihoods Framework (SLF), which focuses on access to 
five different capitals (social, financial, human, natural, and physical) (Scoones 2001, 
2009). This work has also emphasized the capabilities of individuals, households and 
communities to combine, transform, and expand their access to these assets  (Bebbington 
1999).  This framework provides a broader understanding of how social systems may 
contribute to food insecurity, as households may enter poverty traps (when their assets 
are depleted beyond a threshold (Swallow et al. 2009).  
In general, research has revealed the increasing importance of asset, income, and 
activity diversification for supporting rural livelihoods in Africa (Barrett, Reardon, and 
Webb 2001).  The choice to diversify may be motivated by an interest in stabilizing 
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income amidst variable conditions or given seasonality, or it may be driven by a lack of 
access to necessary assets, such as land.  In other cases, diversification is motivated by 
changing opportunities amidst shifting conditions, that is, environmental, market or 
technological change. Resources dependence can create vulnerabilities for rural 
populations, but access to a diversity of natural assets may also provide important coping 
mechanisms, enhancing adaptive capacity (Mortimore 1989; Eriksen, Kelly and Brown 
2005). Variability in environmental conditions may necessitate diversification into 
alternative livelihoods, which increasing include business activities in urban (Mortimore 
1989; Mortimore and Adams 2001). 
Despite the common interest in food security and diversification strategies, 
agrobiodiversity and livelihoods diversification are rarely examined in relation to each 
other, nor assessed as co-constitutive domains. The overarching theme of diversity 
provides an entryway into analysis of food systems (Ericksen 2009) as social-ecological 
systems, linking land use, livelihoods, and food security. A systems approach that 
embraces a social-ecological framework, also provides opportunities to assess the 
tradeoffs among the multiple objectives of sustainable development (Turner et al. 2003) 
and to situate agrobiodiversity in the context of other environmental and social 
constraints. The paucity of research on household livelihood strategies and 
agrobiodiversity notwithstanding,  it promises to transcend the dichotomized debates over 
conventional and traditional agriculture, and reveals that households may preserve 
agrobiodiversity even as they extend their intensive production (Zimmerer 2013).  
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This paper utilizes this approach to place households at the center of 
agrobiodiversity studies and to understand agricultural diversity as a component of a 
broader set of livelihood activities, which collectively shape food security outcomes. 
Agrobiodiversity is examined in relation to and as a component of livelihoods. As co-
constitutive processes, livelihoods and agricultural diversification must be examined 
relationally. Focusing on the livelihoods of rural households, this study considers the 
affects of crop diversification on rural food security and dietary diversity, and discusses 
how agricultural diversity intersect with other livelihood activities.  
 
3.3 Study Area 
Situated in central Tanzania, the Kilombero Valley straddles the Districts of 
Ulanga and Kilombero in the Morogoro region. The Kilombero River is fed by waters 
from the Udzungwa Mountains, which border the Valley to the Northwest. The lower 
altitudes of the Valley transition into a mixture of agricultural lands, open forests, and the 
wetlands of the Kilombero flood plain. To the east, Kilombero River floodplains stretch 
toward the Selous Game Reserve, which abuts Mikumi National Park to the North. Along 
the edges of the floodplain, the landscape becomes open woodlands and evergreen 
forests, which intermingle with extensive teak plantations. The floodplains themselves 
have been identified as a wetland of international importance under the Ramsar 
convention, extending some of the existing protections of the Kilombero Game Control 
Area that covers much of the floodplain. The Udzungwa Mountains are considered to be 
a biodiversity hotspot (Myers et al. 2000), catalyzing their protection as a national park 
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through a partnership between Worldwide Fund (WWF) and the Tanzania National Parks 
Authority (TANAPA). Although the floodplains once provided a critical wildlife corridor 
between the Selous Game Reserve and the Udzungwa Mountains, supporting wildlife 
populations in both areas, this corridor has been compromised by increasing agricultural 
activities and loss of natural habitat (Rovero and Jones 2012).  
 
 
Figure 9: Study Area Showing the Location of Surveyed Villages in Kilombero District 
 
While widely recognized for this ecological importance, the region is also noted 
for its potential for agricultural productivity. Given the current agricultural production, 
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rich water resources, and productive soils, Kilombero District is a focal area of 
Tanzania’s Kilimo Kwanza program and specified as a growth cluster within the 
Southern Agricultural Growth Corridor of Tanzania (SAGCOT).  Alongside these 
programs to address national food security and economic growth, the area is also the 
recipient of extensive international aid and several development agencies have programs 
here. The Bill and Melinda Gates Foundation, USAID, Caritas, CARE International, and 
NORAD are among the organizations with projects or offices in the area. Many of these 
offices are based in Ifakara, the District Capital, which is also the largest town in 
Kilombero District.   
Despite the prevalence of international organizations and the agricultural 
importance of the region, the area has limited infrastructure. The major transport artery 
that extends through the Valley is a dirt road, with only a few discontinuous paved 
segments. Much of the roadway is flooded and impassable during the rainy season and 
requires major repair following these floods. The Tanzania-Zambia Railway transects 
several villages in the Valley allowing for the transport of goods to markets in Dar es 
Salaam, though it operates erratically. Electrical lines bring power to many of the villages 
along this road, but many villages along the line remain off the grid. Electricity is 
generated by a hydroelectric facility in Kidatu, but is susceptible to fluctuations in 
seasonal flows of the river.  
This research was conducted in eight villages in Kilombero district, grouped into 
two clusters, in the Kilombero Valley. The first cluster of villages (Kidatu, Msolwa 
Ujamaa, Mang’ula, and Katarukila) is located in the Northeastern area of the Valley, 
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adjacent to the Udzungwa Mountain National Park. The second cluster of villages (Njage, 
Mbingu, Mngeta, and Ikule) is located in the Southwestern stretches of the Valley, within 
the floodplain and adjacent to the Udzungwa Escarpment. Both clusters are in close 
proximity to large-scale agricultural programs that are supported by public-private 
partnerships between the Government of Tanzania and private corporations. To the 
Northeast, large sugar plantations supply the Illovo Sugar Company, which is a South 
African corporation. To the Southwest, Kilombero Plantations Limited (KPL), a 
subsidiary of the British firm Agrica, has operated one of the largest rice farms in Africa 
(spanning over 5,800 hectares of land) since 2008. Both of these projects have adopted 
“outgrower” models, whereby the central plantations supplement their supplies with 
harvests from smallholder farmers. The plantations regulate the quality of the 
outgrowers’ harvests by supplying seeds and inputs, while also offering training.  As 
such, a growing portion of the population is involved to some degree in commercial 
production. Even those that are not outgrowers commonly sell a portion of their harvest 
at market.  
With this shift towards commercial and increasingly intensive smallholder 
production, important questions emerge regarding the resilience of food systems in this 
region. Efforts to increase rice production seek to address the demands of growing 
populations in urban centers, particularly Dar es Salaam, and to confront national food 
security challenges. While national food supplies are likely to increase, the implications 
for rural livelihoods and food security remain uncertain.  
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While the Tanzanian government has launched an agricultural-focused 
development program known as Kilimo Kwanza, foreign interests are increasingly 
supporting broader food systems approaches to food security in the region. Most notably, 
the Feed the Future program supported by the United States is targeting various facets of 
the food system, albeit through a traditional attention to production, processing, and 
distribution.  
 
3.4 Data and Methods 
Ethnographic fieldwork, household surveys, focus group discussions, and in-
depth interviews were conducted during a nine-month period in 2014. Prior to creating 
and administering the questionnaire, focus groups were conducted in Swahili in all 
villages, except Mang’ula. The latter village was excluded from focus groups because the 
village was added to the sample following the initial survey design. Many interviews, 
however, were based in Mang’ula, which houses several environmental and development 
organizations and the entrance to the National Park. The focus groups were facilitated by 
a research assistant, using a printed set of guiding questions. The focus groups sought 
information about diversification strategies, including natural resource use and 
agricultural practices. Focus group discussions convened groups of six to eight residents, 
both men and women. The discussions lasted one to two hours and participants were 
provided with cash compensation (2000 to 4000 Tanzanian Shillings, about $1.20 to 
$2.40 USD). The focus group discussions were recorded,  transcribed, and translated.  
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During July, August and September of 2014, 280 household surveys were 
conducted in the eight villages. The surveys were administered by six research assistants 
from the Sokoine University of Agriculture in Morogoro and research assistants affiliated 
with an ecological monitoring center in Mang’ula. The surveys were translated into 
Swahili and administered orally in Swahili by the research assistants. Respondents 
provided informed consent before participation, and were allowed to opt out of the study 
at any time.  
Households were selected randomly from village rosters, which are collected 
annually by village chairmen. Each village is split into multiple sub-villages, varying in 
number from two to five in this study area. When more than two sub-villages were 
present, three were selected at random.  After obtaining the village rosters, 35 to 40 
households were selected at random from each roster by selecting every nth record (n was 
determined by dividing the total number of records by 40).  A village chairman was 
present during this process and would inform us if the selected household was absent. In 
such circumstances, we would then choose another household at random. Households 
were selected two to three days in advance of the survey, and in most villages, the 
chairman agreed to inform the selected households in order to insure their presence. 
Households were not provided with compensation for participation, but chairmen were 
paid to guide research assistants to each location.  
Several variables were derived from the survey to analyze 1) food security, 2) 
crop diversity, 3) dietary diversity, 4) income diversification, and 5) natural resource use. 
Food security was evaluated using primarily one week recall questions modeled from 
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surveys United States Department of Agriculture (USDA 2012) and Food and 
Agriculture Organization (FAO 2007) questionnaires.  This paper compares the responses 
to these nine questions, with particular attention to four (FSI1, FSI2, FSI17 and FSI9).  
 
Table 8: Survey Questions Used to Gather Information on Food Security 
 
 
  Dietary diversity was also evaluated using a 7-day recall. Households were asked 
to report the number of days during the past week when they ate foods from 9 different 
categories: fruits, vegetables, meat (including fish), milk, eggs, fats or sweets, rice, ugali 
(corn or wheat derived bread), other cereals or grains. Dietary diversity was then 
estimated using Shannon’s diversity, Shannon’s evenness, and Simpson’s diversity 
indices. In addition, information was collected regarding the source of each of these 
items, whether they were purchased, grown by someone in the household, or received as 
a gift.  
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Table 9: Diversity Indices to Calculate Household Dietary Diversity 
 
 
Likewise, the questionnaire gathered information on all agricultural activities 
among members of the household. Information on crop types, area, yields, use 
(commercial or home), and value were collected. Agricultural diversity was measured 
simply as species richness, or the count of the number of different products grown by a 
household, including both home gardens and field crops. For rice, maize, and sugar, the 
primary cash crops, crop intensity was calculated based on yield per area.  
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Income diversification was reviewed in terms of the number of activities that 
households engaged in outside of farming their own land. Enumerators presented a list of 
common activities, distilled from interviews and focus groups, and also collected 
information on the seasonality of these activities and approximate income from these 
activities. The reported results focus on diversification among activities, but does not 
measure differences in income from each activity because recall was found to be highly 
variable and unreliable for non-farm activities.  
Enumerators administered the surveys using tablets, and the results were uploaded 
to a computer each night. The data were then transferred to a SQLite database for 
cleaning and analysis. Here, we report several descriptive statistics regarding the 
livelihood activities of households in each village. After cleaning, relationships among 
these variables were assessed through a series of Mann-Whitney U and chi-square tests. 
The chi-square test was used to evaluate whether there were differences in the likelihood 
of a positive response to binary food security indicators (yes/no questions). The sample 
was split into groups based on levels of crop diversity, participation in non-farm 
activities, and natural resource use. Multiple splitting points were tested, and are reported 
in the results. The Mann-Whitney test was used to determine if these groups also had 
differences in measures of dietary diversity.  
First this paper analyzes the descriptive statistics to characterize the livelihood 
strategies of the area. Then, it compares food security outcomes in relationship to various 
facets of these livelihood strategies. These comparisons are made using various tests 
noted above.  
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3.5 Results 
This study provides both a detailed assessment of the livelihoods across these 
eight villages in the Kilombero Valley, and the relationship between crop diversity, food 
security, resource use, and non-farm activities. After reporting the household 
characteristics ascertained from the survey, we present a series of tests that evaluate 
differences among these households with relation to the aforementioned variables. 
Throughout the reported results, we provide supplemental information from focus groups 
and interviews, but do not focus on analysis of these qualitative datasets here.  
  
3.5.1 Household Characteristics 
Across the eight villages, the average household size was four to six people 
(Table 10). Mngeta had the lowest average household size (4.25), while nearby Mbingu 
had the highest (5.58). The average household had two or fewer children (age under 15), 
and the contribution of children to agricultural labor varied.  The average household had 
two to three members that contributed to family farming, generally the adults. The results 
do not reflect the contribution of children to household gardens, which residents rarely 
considered to be labor and was not explicitly addressed in the survey.  
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Table 10: Household Demographics by Village 
 
 
3.5.2 Food Security and Dietary Diversity 
Many of the food security indicators yielded similar responses across all of the 
villages, but some showed marked differences among the villages. Table 11 presents the 
overall responses for all villages and the proportion of affirmative (‘yes’) responses in 
each village. The first two questions, which are complimentary, reflected general 
shortages in food over the past year and month, respectively. The responses to these 
questions were divided between the two clusters of villages. Mang’ula, Kidatu, Msolwa 
Ujamaa, and Katarukila, which are located in in the Northeastern cluster, displayed high 
levels of food insecurity. Between 29% and 33% of the surveyed households in these 
villages reported having inadequate food supplies at some point during the year (FSI1). 
Kidatu, Msolwa Ujamaa, and Mang’ula also reported the highest proportion of 
households where at least one person had gone an entire day without food in the past 
month (FSI7). Across the entire study area, half of the households had exhausted their 
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food stocks before the harvest, and 27 percent had eaten less preferred foods due to lack 
of food supplies at home.  
Table 11: Responses to Food Security Indicators for Entire Study Area and Proportion of ‘Yes’ Responses in 
each Village 
 
 
3.5.3 Farming Practices 
Among the surveyed smallholder households, the most common crop grown is 
rice, followed by maize, bananas, and sugar.  Sugar was most common in Kidatu and 
Msolwa Ujamaa, where there are also cooperatives of sugar growers that coordinate 
harvests and sales of sugarcane. Approximately 21% of households reported only 
growing one crop species, while the average household grows only two (34%) or three 
(17%). For those households growing more than three crop species, much of the diversity 
was reflected in the products produced in home gardens. Many households (49%) have 
small gardens, primarily maintained by women who produce fruits and vegetables for 
home-consumption and local sale. During interviews, men were often dismissive of this 
production as a relatively unimportant activity for women to get money for household 
items and fabric. Focus group discussions, however, indicated that home gardens provide 
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an important source of income and food. In Kidatu, where land is particularly scarce, 
some reported traveling to nearby land adjacent to the road or to other villages in order to 
obtain small patches for gardens for home use.  
 
Table 12: Numbers of Households Growing Different Crops and Average Production Intensity in Each Village 
 
 
The average plot size is 0.9 ha (2.3 acres) and the average household has two 
plots of land totaling 1.7 ha (4.2 acres). Because most villages provide land to residents, 
relatively few households (78 or 27%) reported renting land from others. These renters 
show almost identical characteristics to other farmers, operating two plots and almost 1.6 
ha of land on average. Table 12 summarizes the average intensity (bags per ha) of rice 
production. Intensity, which was measured by dividing the reported yields by the area 
under production for that crop), varies greatly among the households. These differences 
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were particularly pronounced between property owners and renters – each household 
specified the ownership status of each plot that they farm. The average intensity of rice 
production was notably higher among the land renters (n=24 and rice intensity=11.61 
bags per ha) compared to those that had their own land (n=65 and rice intensity=8.15 
bags per ha). Note that the numbers for intensity are not based on all rice producers, only 
those that clearly reported their yields in terms of the same size bag (70 kilograms).    
Home gardens are an important source of crop diversity, but focus group 
participants also cited their importance to dietary and nutritional diversity. The surveys 
revealed that 31% of households grew vegetables for home consumption, and 20% 
specifically indicated that their vegetables came from a home garden. Similarly, 43% of 
households indicated that they cultivate fruit for home consumption, and 31% noted this 
production in a home garden. The distinction between a garden and small agricultural 
plot can be seemingly arbitrary, but is commonly distinguished based on its proximity to 
the home and by the division of labor. Women and older household members most 
commonly manage these smaller plots.  
 
3.5.4 Livelihoods Strategies 
Past research elsewhere in Morogoro Region emphasized the growing importance 
of off-farm activities for supporting rural livelihoods (Ellis and Mdoe 2003), but focus 
group discussions and surveys reveal that the population remains heavily reliant on 
subsistence production and income is primarily derived from sale of agricultural products 
along with agricultural wage labor. Despite the considerable natural resources in the area, 
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proximity to a national park, and extensive development programs, the extent of income 
diversification is small. Nonetheless, household surveys corroborate past research that 
has shown the safety net function and income smoothing role of livelihoods 
diversification.  
Before reporting specific income-generating activities, households first estimated 
the portion of their household income from non-farm activities (Table 13). The majority 
(61%) of households reported that none of their income came from off-farm activities, 
while 39% of households indicated that they derive a portion of their income from non-
farm activities. A more detailed set of questions discerned the set of other activities that 
supported incomes and livelihoods.  
 
Table 13: Household Estimates of Non-farm Income as a Portion of Total Income 
 Village Yes No Avg. % of Income Med. % of Income 
1 Ikule 14 18 28.57 30.00 
2 Katarukila 1 5 10.33 10.00 
3 Kidatu 12 16 29.70 30.00 
4 Mang'ula 12 26 12.55 10.00 
5 Mbingu 24 21 19.45 20.00 
6 Mngeta 16 16 30.62 30.00 
7 Msolwa Ujamaa 8 13 27.53 30.00 
8 Njage 10 20 17.95 10.00 
 
Although most households only farm for a portion of the year, only 39% of 
households reported income from non-farm activities. Further questions regarding 
specific activities, however, revealed that approximately 65% of households actually 
participate in non-farm activities, albeit some of these yield very little income (Table 14). 
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Follow-up questions revealed the discrepancy in reporting was due to the perceived lack 
of importance of these other activities to overall income. Aside from agriculture, the most 
prominent activities were handicrafts, repair work (e.g., bicycles, machinery), alcohol 
production, and maintenance of small shops/kiosks. Of the households that reported 
participation in non-farm activities, the majority (86%) reported only one as a source of 
income. These non-agricultural activities were primarily year-round or during the dry 
season. Only 10 households (5%) reported engaging in non-farm activities during the 
rainy season only, whereas more than half of the households that engaged in non-farm 
activities reported that these are undertaken specifically during the dry season.  
 
Table 14: Proportion of Households Reporting Participation in Different Non-farm Activities 
 
As noted above, most households reported two persons that engaged in 
agricultural labor. About 13% of households reported having three members who work 
on the family farm, approximately 12% had four members, and only six percent had more 
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than five members that contributed to farming.  These numbers, however, do not reflect 
household chores and work in family gardens, which was frequently observed in the 
region. The majority of households indicated that the annual expenditure in on-farm 
agriculture was approximately 6 months of the year. Very few households engage in 
year-round farming, less than 10% according to the survey results.  
Focus group participants indicated that diversification into non-farm activities 
was challenging due to sparse start-up assets and the timing of opportunities. Many non-
farm wage labor opportunities exist primarily during the growing season when family 
farms demand the most attention. The opportunity for other activities is restricted during 
the off-season by the severe monsoon season, which may lead to extensive flooding. For 
example, previous to fieldwork for this study in 2014, record rainfall led to 0.5 to 1 m of 
flooding in the southwestern cluster of villages forced many families to abandon their 
homes.   While exceptional, the rainy season makes many of the dirt roads impassable 
and placing constraints on opportunities to engage in other activities outside of the 
farming season, which begins at the end of the rainy season (planting) and extends into 
the dry months (July and August). 
All of the communities are relatively close to protected areas and extensive 
conservation programs in the region, but natural capital (non-agricultural) plays a small 
role in the livelihood strategies of the Kilombero’s households (Table 15). The exception 
to this is the collection of firewood. Nearly all households are dependent on firewood as 
their main source of fuel, and thus report collecting wood from village lands and 
protected areas. The alternative is to purchase expensive charcoal, which transported 
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from many miles away due to the local restrictions on charcoal production. The next most 
common activities were the collection of water from streams and fishing. Fishing was 
often for purpose of sale, thus also supporting the food security of other households in the 
community that did not report fishing. Mbingu, which is located in the Southwestern 
cluster, has ample access to streams and wetlands, and thus also had the highest 
proportion of households that fish. Aside from fishing, natural resource use plays little 
direct role in supporting the diets of the population. Indirect benefits may result from 
cost-savings from firewood, kindling, and other uses, but these are not directly calculated 
here.   
Table 15: Households Reporting Use of Natural Resources in Each Village. 
 
 
Villagers reported mixed feelings regarding the declaration of a portion of the 
floodplain as a RAMSAR site. Following this designation, a buffer around the Kilombero 
River and some of its tributaries have been restricted from agricultural land uses and 
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fishing. One fisherman that participated in a focus group in Mbingu commended the 
project for increasing fish populations. Meanwhile, others in Mngeta largely expressed 
dismay regarding the new land use restrictions. In general, access to natural resources is 
limited by the large extent of protected areas. Extractive uses are banned in the National 
Park (in the Udzungwa Mountains), hunting is restricted in the nearby game control area 
(located in the floodplain), and many community forests also have restricted access. 
Despite these restrictions, focus group participants and local officials interviewed argued 
that many residents still gather firewood and occasionally hunt in restricted areas. In 
Kidatu, which is adjacent to the National Park, many complained that the park placed 
stress on their lives. Residents were so angry at the establishment of the park that they 
were suspected of setting fire to the forests by park officals. Initially, residents were 
allowed modest access to the park, but later these privileges were scaled back until all 
extractive uses were banned, prompting regular disputes regarding the boundaries of the 
park. Likewise, in Katarukila, Msolwa Ujamaa, and Kidatu, community members 
expressed distrust of park officials, who are often from other parts of the country. Some 
residents purported that most poaching in the Park is undertaken by the park staff and not 
residents.  
 
3.5.5 Differences in Food Security Outcomes 
The descriptive statistics characterize the livelihood strategies and the food 
system of the sample villages. Additional tests divided the sample into groups based on 
their agricultural practices and other household traits to determine if food security 
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outcomes differed among these groups. A set of chi-square tests, reported in table 16, 
identified four food security indicators that significantly differed (p<.05) among 
households with varying numbers of crops. Households cultivating five or more crop 
species more commonly reported that someone in their household had not had enough 
food to eat during the past 30 days. This difference was highly significant (p < .001). 
Furthermore, although households with home gardens had lower food expenditures, they 
also were more likely to indicate that they had struggled to obtain adequate and 
appropriate food supplies during the past month.  
 
Table 16: Results of Chi-square Tests of the Impacts of Crop Richness, Activity Counts, and Home Garden Use 
on Food Security Indicators. 
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The results from the chi-square test for the activity counts were approximations because 
there were not enough different responses in each group. The Mann-Whitney test below 
provides more details on the relationship between activity counts and other activity 
income. None of the tests proved significant for distinguishing a difference in food 
security between natural resource users and those that did not utilize natural resources.  
 
3.5.6 Differences in Dietary Diversity 
Although those that produced more crops were actually more likely to report 
inadequate food supplies, households with higher crop diversity also had higher dietary 
diversity. A Mann-Whitney U test evaluated whether households that grow fruits and 
vegetables have significantly different levels of dietary diversity (measured using 
Shannons-H, Simpson’s Diversity, and Shannon’s Evenness) from households that 
purchase fruits and vegetables.  This test revealed no significant difference between the 
two groups (Tabel Y).  However, a Mann-Whitney U test shows that the mean dietary 
diversity (SIDI) is significantly different between households that produce four or more 
crop species (including those grown in gardens and fields) and those that produce three or 
fewer. Households producing more crops have a slightly higher dietary diversity.  This 
difference, however, was not significant for Shannon’s-H or Shannon’s Evenness.  
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Table 17: Mann-Whitney U tests of Different Dietary Diversity Outcomes Across Different Groups Based Crop 
Richness, Non-farm Activity Participation, Natural Resource Use, and Home Garden Presence 
 
 
Households with nonfarm income also displayed a significant, but very small, 
difference in their mean SIDI than households without any nonfarm income. Households 
with only one other income activity also had a significantly lower mean SIDI than those 
involved in two or more activities.  
 
3.6 Discussion  
The results above document the livelihoods and production practices of 
households and communities in the Kilombero Valley.  The results show a mixed set of 
outcomes with regard to crop diversity that are best understood in relation to the broader 
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livelihood strategies of the population.  Here, we focused primarily on food security and 
dietary diversity as outcomes from the local food systems, and thus considered the 
diversity in both field crops and home gardens.. Previous research in sub-Saharan Africa 
highlights the role of home gardens in supporting nutritional diversity , and this was 
apparent in the Kilombero Valley. Nonetheless, consumption from home gardens was 
also more commonly associated with food insecurity.  
The inverse relationship between diversity of household production and food 
security suggests that diversification may actually be primarily a coping mechanism or an 
indicator of limited access to entitlements. In some focus groups, participants expressed a 
growing dependence on their home gardens due to decreasing rice and sugar prices. 
Discussants in Kidatu, in particular, responded to lower sugar prices by supplementing 
their household diets more from their gardens. In this case, diversity appears to provide a 
safety net function, but may still be inadequate in ensuring food security.   
Diversification in non-farm activities revealed greater potential to improve food 
security, and those households that participated in multiple off-farm activities were less 
likely to indicate that they had suffered a shortage of food. The increased reliance on 
home gardens and subsistence production goes hand-in-hand with a lack of financial 
capital needed to otherwise purchase foodstuffs. Although new transportation 
opportunities, through the introduction of motorcycles and buses, have increased the 
connectivity of these villages to larger markets and economic centers, the diversification 
into non-farm activities remains limited. In some cases households expanded their 
livelihood strategies into other activities within the communities, but members rarely 
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traveled to urban centers for economic opportunity. While this is due to limited 
opportunities and ongoing transportation limitations, farmers also repeatedly expressed 
the importance of farming to their identity and their lack of knowledge to pursue other 
sources of income. A common refrain in focus groups was “what else could I possibly 
do?” 
Crops are multifunctional, they may support subsistence directly, serve as a 
payment or gift, or be exchanged for financial capital. Thus, agrobiodiversity may be best 
understood as one component of a livelihood strategy, which may be diversified in 
numerous ways and for a number of different reasons (Ellis 2000; Ellis and Mdoe 2003).  
The purported benefits of agrobiodiversity to food security, nutritional diversity, and 
income buffering, may also be realized through participation in off-farm activities and 
access to natural resources. For this reason, agrobiodiversity in the Kilombero Valley 
should be situated in the context of broader sustainable livelihoods framework.  
Efforts to enhance agrobiodiversity may be ecologically desirable, but the benefits 
for human well-being are dependent upon various conditions. Access to broader 
entitlement portfolios influence decisions about crops, as do division in labor and 
intrahousehold gender relations. These relationships of power manifest in the land use 
allocations, particularly home gardens and the types of food produced in these gardens. 
Agricultural development endeavors should consider how these relations will affect the 
transference of benefits from any projects, whether they seek to increase industrial 
commercial production or diversified smallholder systems. Will power relations 
connected to the management of land use and entitlements portfolios shift or disrupt 
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existing strategies for risk reduction? Are strategies for crop diversification more likely to 
succeed by encouraging behavioral change or by catering to these existing behaviors and 
household dynamics?    
Livelihood strategies, including agricultural diversification, are also spatially 
situated. Access to natural resources and land have are highly limited in the Kilombero 
Valley due to extensive measures to protect wildlife. Access to game, fish, timber, and 
wild fruits and tubers were once important elements of the diets in this region. Strategies 
for agriculture and crop diversification that emerged in the context of these opportunities 
may no longer be sustainable in light of increasing constraints on access to natural 
capital. The demarcation of the RAMSAR site buffer and the National Park over the past 
20 years have introduced rapid changes to rural livelihoods. Those living near the 
protected areas have felt the greatest impacts. 
In general, changes in land use also result in spatially constrained opportunities 
resulting from both constraints on access and some new loci of capital flows. Proximity 
to the new rice plantation in Mngeta, in particular, has allowed some to access wage labor 
and also to access new buyers for their crops. In contrast, proximity to the entrance to 
Udzungwa National Park has shown limited benefits because jobs in the park draw from 
a pool of government employees across the country, who are essentially selected through 
a raffle.  
The most influential government and NGO programs in the Kilombero Valley are 
seeking to enhance productivity and human well-being by enhancing the production of 
rice in the region. The objective is to boost yields and to in turn boost incomes. 
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Complimentary efforts to support income and crop diversification may help to reduce the 
risks that may face a population that is largely dependent on this single commodity. The 
increased investment associated with intensification of rice will also entail greater risk for 
farmers, potentially catapulting them into poverty traps if environmental or market 
shocks arise. Small scale, but ongoing efforts to support honey, cocoa, and horticultural 
production in Kilombero Valley offer some potential opportunities. Infrastructural change 
to increase the mobility of populations may also provide the greatest opportunities for 
livelihoods diversification.  
 
3.7 Study Limitations 
The findings presented here represent a snapshot of livelihoods in the Kilombero 
Valley and cannot adequately address questions about the impacts of current 
development programs and activities on livelihoods and food security. Furthermore, 
characterizing the impacts of specific programs would require a carefully controlled 
sample in order to reduce the interaction effects of the many overlapping development, 
conservation, and social security programs that intersect in this region. This study took a 
broad sweeping approach, utilizing a mixed methods approach to characterize crop 
diversity and to situate it in the context of rural livelihoods. This approach was primarily 
based on exploratory data analysis, intended to serve as springboard for more explicit 
hypothesis testing. The anectdotal evidence ascertained from focus group discussions and 
interviews should be more closely interrogated in a systematic way to address the various 
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motivations and limitations to crop diversification as a component of a larger livelihoods 
portfolio.  
The results of this study are also limited by the unusual conditions of the year of 
fieldwork. Following record rainfall, livelihoods and agricultural practices were severely 
disrupted. Rains began later, exceeded average precipitation, and extended later in the 
year than normal. Many households were still engaged in harvesting during the survey, 
and were thus asked to report the prior year’s harvest. These unusual conditions, 
combined with issues of recall limited the research and the feasibility of certain modeling 
techniques. A longer-term study of the region or multi-year survey could greatly enhance 
understanding of both intra-annual and inter-annual variations in food security and 
production under both normal and extraordinary conditions. These would also provide 
information on processes of change in relation to shifting household behaviors.  
 
3.8 Conclusions 
Collectively, this information provides a portrait of agriculture in rural Tanzania 
that transcends conceptions of traditional or commercial agriculture, and in turn questions 
the specific relationship of livelihood security and agrobiodiversity. Increasing diversity 
is often presented as a silver bullet for supporting ecosystem functioning and ensuring 
food security, but such assertions must consider the tradeoffs between crop 
diversification and other livelihood activities that may also confer benefits for food 
security and nutrition. In the Kilombero Valley, it is apparent that diversification emerges 
for different purposes in the context of intrahousehold and community relationships, as 
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well as institutional constraints and opportunities. As such, much of the diversification in 
this area is intended to support household consumption, rather than as a specific strategy 
for improving yields.  
In the Kilombero Valley, household crop diversification is limited, but shows 
promise to support the dietary diversity, and potentially nutritional intake, of households. 
Diversification in to other activities outside of agriculture, however, may have a greater 
impact on food security. These findings demonstrate the need to disentangle the various 
manifestations, drivers, and outcomes associated with agrobiodiversity, and the potential 
of multi-pronged strategies that incorporate crop diversification into a livelihoods 
diversification strategy.   
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CHAPTER 4 
CONTESTED LANDSCAPES, CONTESTED KNOWLEDGES: IDENTIFYING 
CONFLICT AND CONSENSUS AMONG STAKEHOLDERS IN THE KILOMBERO 
VALLEY 
 
4.1 Introduction 
The Kilombero Valley of Tanzania is a contested landscape, at once the focus of 
environmental conservation and agricultural development endeavors. Situated between 
multiple protected areas, the Valley is one of the most agriculturally productive regions in 
Tanzania. The Kilombero Valley and the surrounding lands have been designated as 
globally important for biodiversity (Jenkins et al. 2002; Starkey et al. 2002), and have 
long been targeted by conservation efforts. The Valley itself once provided elephants and 
other large fauna with an important corridor between several protected areas (Jones, 
Rovero, and Msirikale 2007), but this corridor has since been disrupted (Jones et al. 
2012). Alongside these conservation issues are major concerns about economic 
development among the Valley’s growing population, the majority who live in poverty. 
In the Kilombero Valley and across Tanzania, development efforts have increasingly 
focused on growth in the agricultural sector, which provides 25% of the country’s gross 
domestic product, and captures 50% of the employed workforce (NBS 2015). Seeking to 
catalyze growth in this sector, the President of Tanzania initiated a program known as 
Kilimo Kwanza (Agriculture First), and subsequently the Southern Agricultural Growth 
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Corridor of Tanzania (SAGCOT), which identified the Kilombero Valley as one of 
several target regions for foreign investment and agricultural growth (Milder et al. 2012).  
Faced with the prospect of increased agricultural production and economic change in the 
region, this project has sparked concerns and debate regarding the sustainable 
development of the region.   
This case study in the Kilombero Valley echoes the ongoing debates over 
development and environment in sub-Saharan Africa and in less developed nations more 
breoadly, where economic development, food security, and conservation concerns are 
converging (Godfray 2010). Discussions regarding the balance between conservation and 
development have raged for several decades (e.g. Kaimowitz and Angelsen 1998; Ferraro 
2001; Ciofolo 2009), and are receiving renewed attention amidst concerns over global 
food security, land grabbing, and coordinated efforts to eradicate global poverty. In the 
conservation literature, the relationship between agriculture and conservation has often 
been framed in terms of land-sparing versus land sharing (Waggoner 1996; Green et al. 
2005). In the most cases, this debate is concerned with how to appropriately plan land 
use, the role of green revolution technologies, and to what extent land for conservation 
should be segregated from land for human endeavors. Others have sought to deconstruct 
these dichotomous views of agriculture and conservation, arguing that agroecological 
approaches that simultaneously support greater yields while reducing detrimental impacts 
of agriculture on biodiversity (e.g. Perfecto and Vandermeer 2008).  
 These tensions between conservation and agriculture are pronounced in the 
academic literature, but attention must be given to decisions regarding the management 
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of agriculture and protected areas at local scales where decision-makers must juggle 
multiple objectives and concerns. This paper examines the conflict between different 
actors involved with shaping agricultural and conservation policies and programs in the 
Kilombero Valley.  Past research has addressed the contested knowledges between 
‘experts’ and the public, revealing that those involved in making policy or running 
programs have necessarily simplified, contradicted alternatively framed understandings 
of the environment and experiences of rural populations (Scott 1998; Fischer 2000). 
These differences in subjectivities and knowledge are often manifest in distinct discourse 
around environmental management and development. Environmetnal discourses, or the 
shared, structured ways of speaking about the Earth, play a role in shaping how humans 
think about and construct human-environment systems (Dryzek 2013). The set of 
solutions proposed for matters of global change and sustainable development may be 
constrained by the discourses used to frame these problems (Adger et al. 2001).    
Sustainable development is inherently a normative endeavor that seeks to 
determine how society ought to progress. Numerous and sometimes arbitrary 
understandings and conceptualizations of sustainability and development exist in 
scientific literature and among development practitioners (Christen and Schmidt 2012). 
Some argue that sustainable development discourses primarily embody specific economic 
thought and eschew ecological rationality (Banerjee 2003). Normative answers emerge to 
the questions of what is to be sustained, by and for whom. Given these normative 
tendencies and internal contradictions, Redclift (2007) calls for an examination of the 
idea of sustainability and the cultural constructions placed on the environment.  
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This paper seeks to deconstruct the various discursive framings of development 
and environment in the Kilombero Valley. Through efforts such as the production of a 
SAGCOT ‘Greenprint’ (Milder et al. 2012), discourse surrounding sustainable 
development has clearly entered the lexicon of conservation and environment in the 
Kilombero Valley. The Greenprint is the accompanying outline of sustainable 
agricultural development that coincides with the broader business plan laid out in the 
SAGCOT ‘Blueprint’. The president of Tanzania, Kikwete, contributed these words to 
the Greenprint report’s introduction:  
 
Sustainable and broad based growth can only be realised through ... widening the 
spectrum of actors in the economy, particularly the informal sector,  SMEs [small 
and medium enterprises] and the cooperatives. 
 
This paper employs Q Methodology to systematically examine the discourse and 
attitudes of actors involved in the management of the Kilombero Valley’s lands. Rather 
than strictly focusing on the discourse embodied within policy documents and official 
development plans, this work engages with practitioners in the various programs and 
agencies that live and work with farmers in the Kilombero Valley. These programs can 
be loosely divided into agricultural, economic development, and conservation 
organizations, but there is often much overlap between their efforts. Conservation groups 
are increasingly concerned with economic strategies to preserve wildlife habitat, while 
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agricultural development programs have begun to consider strategies to enhance 
ecosystem services and to mitigate climate change. This growing overlap between such 
agendas only amplifies the need to understand their various framings of the sustainable 
development in the Kilombero Valley.  
 The next section of the paper provides greater background on the Kilombero 
Valley, including information on the history of agriculture and conservation in the region. 
In this context, we highlight the growing constellation of development and conservation 
agencies operating in the area, including numerous international entities. The following 
section discusses Q method, an approach to unpack subjectivities – this term is 
commonly used in q methodology to refer to distinctive viewpoints (Stephenson 1977), 
and elsewhere in political ecology is referred to as situated knowledge (e.g. Robbins et al. 
2006) – of actors and to explore areas of contestation and consensus. Finally, we discuss 
the findings and the ways that the different discourses surrounding agriculture and 
environment are reflected in current development and conservation practices. Rather than 
simply reasserting areas of contestation in conservation and development, the final 
sections of the paper hopes to highlight areas of consensus that emerged from among the 
various subjectivities/viewpoints. 
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4.2 Background 
4.2.1 The Environmental Context 
The Kilombero Valley lies in the Morogoro Region of central Tanzania, where 
the Kilombero River divides the Ulanga and Kilombero Districts before opening up to a 
vast flood plain at the merger of the Kilombero and Rufiji Rivers. The Valley covers an 
area of 6,650 square kilometers, including a seasonally inundated floodplain, miombo 
forest, and fragments of evergreen forest (Hinde et al. 2001).  Annual floods support East 
Africa’s largest freshwater wetland and rejuvenate nutrients, creating rich agricultural 
lands (Kato 2007; Rebelo, McCartney, and Finlayson 2010). The wetlands also provide 
habitat to one of the most diverse wildlife populations found outside of the Nation’s 
national parks or game reserves. This diversity includes numerous large mammals, such 
as elephants, buffalo and puku (an endemic species designated as an internationally 
important species; Starkey et al. 2002; Bonnington et al. 2009; Jenkins et al. 2002).  
 In 1992, a large portion of the Valley was designated at a game control area, 
which forbids unpermitted hunting but does not place restrictions on land use (Act 1974, 
no.12). In 2002, Tanzania also ratified the Ramsar Convention, and nearly 796,735 
hectares of the Kilombero floodplain were designated as internationally important 
wetlands. With the ratification of the Ramsar Convention, the Belgian Technical 
Cooperation (BTC), the development agency of Belgium, partnered with the Ministry of 
Natural Resources and Tourism (MNRT) to create a new protection plan for the area. 
Efforts are underway to re-gazette the land, and a newly created buffer zone around the 
wetland has restricted human land uses and fishing.  
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 The Kilombero Valley is noted for its biodiversity, but is also considered 
critically important because of its proximity to other protected areas and its role as a 
corridor between these areas. Lying to the Northwest of the Valley are the Udzungwa 
Mountains, which are noted for high levels of endemism and are considered a critical 
area for conservation in East Africa (Burgess et al. 2007). The Udzungwa Mountains 
were designated as a protected forest in 1998 and converted to a National Park in 2002. 
This designation forbids any extractive land uses and human settlement, and led to initial 
controversy and a period of arson in the forest, supposed to be in protest of the new 
regulations (Personal Communication with TANAPA and residents of Katarukila). The 
MNRT received support from the Worldwide Fund (WWF) to create the park and to 
manage this transition. WWF continues to support management of the area and also 
undertakes research in the park along with other international agencies, such as 
Conservation International and several European Museums and Zoos.  
 Two other protected areas abut the Northern and Eastern sides of the park: 
Mikumi National Park and the Selous Game Reserve.  The Selous Game Reserve to the 
East of the Valley is Tanzania’s first protected area and designated as a UNESCO World 
Heritage Site. The Selous was once known for being home to the World’s largest 
population of African elephants, but the numbers have plummeted in recent years, 
primarily due to poaching.  Adjacent to the Selous is Mikumi National Park, which is 
dominated by savannah that supports similar wildlife to that of the Selous.  
 Tanzania has an extensive network of protected areas that forbid extractive uses 
and all but light human land uses (e.g. tourism; IUCN categories I-III) (Salafsky et al. 
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2008), but the ability of such strictly protected areas to conserve biodiversity remains 
uncertain (Murphree 2000; Gardner et al. 2007; Gaston et al. 2008). Increasing 
competition for land and resources is making it unlikely that conservation will succeed 
without global coordination among governments and conservation groups, as well as 
greater political will (Rodrigues et al. 2004; Gardner, Barlow, and Peres 2007). Despite 
the extensive efforts to increase the areas under protection in the Kilombero Valley and 
the surrounding areas, the connectivity of these protected areas remains an important 
challenge for conservation. Past research identified three specific important wildlife 
corridors with the potential for development in the Kilombero Valley (Caros et al. 2009) 
and thus to support gene flow between the protected areas. Each of these corridors 
connects the Udzungwa Mountains to the Selous, Mikumi, and the Kilombero Nature 
Reserve respectively. Only two corridors existed in a study in 2005 to maintain 
movement between the Selous and the Udzugnwas (Jones et al. 2007), but by 2010, the 
corridors had been disrupted by human land use (Bamford and Ferrol-Schulte 2010; 
Rovero and Jones 2012). The loss of this corridor is a major concern for the conservation 
of large mammals, particularly the Selous’s threatened population of elephants. 
The importance of ecological corridors is well documented (Hilty and 
Merenlender 2006) and connectivity of fragmented habitats is a growing component of 
conservation planning (Noss and Daly 2006; Dobson et al. 1999). Given that human 
occupied landscapes often create a mosaic of fragmented natural habitat, corridors 
provide an important strategy for balancing conservation and development (Beier and 
Noss 2008)(Beir and Noss 1998). Nonetheless, the successful implementation of 
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corridors is often limited in practice and hampered by competing interests in landscape 
management (Beier and Gregory 2012). Tanzania, however, has integrated corridors into 
its official wildlife policy, providing the government the authority to designate wildlife 
corridors and migratory routes as protected areas (United Republic of Tanzania 2009). 
Conservationists have called for the creation of large mixed-use areas in order to restore 
these corridors (Graham et al. 2009; Bamford and Ferrol-Schulte 2010). This is a grand 
task that requires combining the knowledge of species behavior, human activities, and 
other key factors remain dispersed among an array of people that may not commonly 
interact with each other or policy makers (Sanderson et al. 2006). Due to the diverse 
actors involved in successful corridor creation, Bamford and colleagues (2010) argue that 
there is a need increase community based conservation in order to ensure successful 
preservation of critical habitats and biodiversity.   
 
4.2.3 Historical Context 
The Kilombero Region has been the subject of agricultural programs and 
experiments throughout the history of colonial and postcolonial rule. Under German 
colonial rule, the Kilombero Valley was the site of a cotton production program, and 
developed extensive infrastructure to support these activities. Nonetheless, the population 
remained small and much of the population continued to rely on swidden production .  
Shortly after independence, Tanzania’s first President, Julius Nyerere, implemented a 
national plan that sought to invigorate rural development across the country by relocating 
much of the nation’s population into concentrated rural settlements. This project, known 
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as Operation Vijiji (Village Operation), relocated (sometimes through force) the Valley’s 
population into several small villages, primarily along the main roadway. Nyerere 
envisioned a socialist society where the villagers would work collectively on state-owned 
farms, utilize cooperatively managed farm equipment, and share harvests equitably across 
the country. This collectivist vision, known as Ujamaa, has been widely critiqued for its 
failed utopian vision (Scott 1998), but it transformed the geography of the Valley and 
catalyzed a demographic transformation. Populations grew steadily in the Kilombero 
Valley throughout the period of Nyerere presidency (1964 to 1985). In 1978 the 
population was 133,043 people in Kilombero District, and the population grew to 
187,593 by the end 1988 (NBS).  Even following the abandonment of Operation Vijiji in 
1982, the Tanzanian government maintained a policy of agricultural development that 
subsidized farming sectors through provision of agricultural inputs and seed . Many of 
these programs, however, were dismantled in during the 1990s, when Tanzania 
underwent major structural adjustment programs that restricted such expenditures. Many 
migrated into the Kilombero Valley from the more populous neighboring Iringa Region 
and elsewhere to acquire newly available fertile farmland and to take advantage of the 
existing, albeit limited, infrastructure . The population was 321,611 in the Kilombero 
District in the 2002 National Population Census. With a growth rate of 3.9% annually, 
the population is expected to exceed 500,000 by 2015. 
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4.2.4 Current Agricultural Development 
In recent years, there has been a renewed interest in catalyzing agricultural 
development as a means to support economic growth and to reduce poverty in Tanzania 
and across much of Africa. In 2003, the African Union created the Comprehensive Africa 
Agriculture Development Programme (CAADP), a policy framework that seeks to 
enhance food security and economic growth. Among the strategies outlined in the 
CAADP are the allocation of 10 percent of a nation’s budget to agriculture and rural 
development . Tanzania endorsed its CAADP compact in 2010 and launched the 
Tanzania Agricultural and Food Security Investment Plan (TAFSIP). While CAADP has 
specified that stakeholder participation be central to planning, several organizations have 
critiqued the both TAFSIP and the broader CAADP for their lack of strategy to support 
smallholder participation .  
Three key programs seek to implement this vision for agricultural development in 
Tanzania with immediate implications for the Kilombero Valley. First, the country 
created a plan known as Kilimo Kwanza (Agriculture First), which has partially been 
implemented through the Agricultural Sector Development Program (ASDP) and the 
Southern Agricultural Growth Corridor of Tanzania (SAGCOT). SAGCOT is an 
international public-private partnership that launched at the World Economic Forum in 
2010. This private-public partnership is specifically concerned with supporting and 
mobilizing private sector investment in order to realize the goals of Kilimo Kwanza. 
SAGCOT has targeted several specific geographic regions of high growth potential, 
including the Kilombero Valley. One of the main strategies to support inclusive growth 
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has been through the creation of nucleus farming programs, whereby smallholders serve 
as outgrowers, growing and selling their products to larger farms.  
 Feed the Future, a multi-agency program of the United States Government has 
also focused its attention on the SAGCOT, targeting several million dollars in funding to 
projects in this region. Feed the Future funds several projects in the Kilombero Valley, 
supporting the development of irrigation schemes, infrastructural improvements, 
technological training (particularly the system of rice intensification, SRI), and nutritional 
education. Numerous other international non-governmental organizations are also 
operating in the Kilombero Valley, including Caritas Australia, Plan International, and 
the Gates Foundation. Locally based organizations, such as the Kilombero Valley 
Environment and Development Organization (KIVEDO), Association of Kilombero High 
Quality Rice Growers (AKIRIGO), Rural and Urban Development Initiative (RUDI), and 
Mtandao wa Vikundi vya Wakulima Tanzania (MVIWATA) are also working directly 
with farmers to support sustainable resource management and livelihoods enhancement. 
In many cases, these local organizations are partnered with and funded by international 
agencies, making it increasingly difficult to clearly distinguish the boundaries between 
international NGOS, local non-profits, and government agencies.   
 
4.2.5 The Agriculture-Conservation Nexus 
As discussed above, the relationship between agricultural development and 
conservation is complex and the best practices to balance these objectives are contested. 
Within the Kilombero Valley, low intensity agriculture in a matrix with non-agricultural 
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uses may actually benefit biodiversity of large mammals, whereas pastoralism appears to 
be detrimental (Balmford et al. 2010). The increasing density of agriculture, however, 
appears to be disrupting the movement of elephants as indicated by interviews and 
transect studies (Jones et al. 2007; Balmford et al. 2010). Similar relationships between 
low density/intensity agriculture and biodiversity have been observed in other developing 
countries (Pretty 2008).  
With an attention to this tension, SAGCOT enlists EcoAgriculture Partners to 
prepare a report outlining strategies for “sustainable green growth” (Greenprint). 
Enacting these strategies, supporting the creation of proposed wildlife corridors, or 
supporting other livelihood enhancement programs in the Kilombero Valley must 
consider these array of interacting issues in tandem. CAs demonstrated above, many 
actors with divergent interests are currently involved in shaping livelihoods and 
landscapes in the Kilombero Valley. With the creation of RAMSAR sites, listing as a 
global biodiversity hotspot, and the designation as a UNESCO world heritage site, the 
Kilombero Valley and its surrounding areas are under the scrutiny of global interests and 
often jointly managed by global partnerships and local governments.  
This constellation of actors is engaged in shaping land management, 
communicating information to different stakeholders, and promoting different livelihood 
activities. As discussed above, given the normative nature of sustainable development, 
the situated knowledge of different actors will shape the strategies and implementation of 
these strategies for these different organizations. Furthermore, the acceptance and 
cooperation with different development and conservation endeavors will depend upon the 
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shared viewpoints that lend credibility and saliency to the activities of these organizations 
(Clark et al. 2011). Thus, rather than assuming that the viewpoints of the practitioners 
developing and implementing these programs coincide the immediate missions of their 
associated affiliations, this paper seeks to systematically characterize the dominant 
viewpoints amongst these individuals and potentially spanning their organizations. This 
work does not seek to assess who is more or less knowledgeable about the local 
environment or people, but rather to holistically evaluate the various social environmental 
claims that underlie political and technical action in the Kilombero Valley. In doing so, 
this work seeks to reveal the positionality of these claims and to also identify barriers to 
and opportunities for collaboration.  
 
4.3 Methods 
4.3.1 Q Methodology 
Q method was employed to reveal discourses about challenges of development 
and conservation in the Kilombero Valley. Stephenson (1953) developed Q Method for 
research in psychology in order to systematically evaluate subjectivity, but the method 
has since been adopted in an array of social sciences. The approach combines qualitative 
and quantitative research approaches to discern different viewpoints or discourses that 
characterize the ways that individuals understand a topic (Brown 1980; McKeown and 
Thomas 1988; Stephenson 1953).  
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At its most basic, the method is similar to traditional factor analysis, but instead 
inverts the data such that the subjects’ responses are taken as a whole. Rather than 
examining a population of n individuals with m tests, Q mode factor analysis examines n 
different tests with m individuals. Essentially, the data are transposed and the individuals 
are moved to the columns. Individuals are thus mapped to traits rather than traits being 
mapped to individuals. One of the strengths of this method is its ability to illicit 
statistically valid results from a small sample size. In contrasts, traditional survey 
approaches may require large samples to yield statistically significant results.  
Stephenson went on to develop an approach that directly elicits statements from 
preliminary interviews and provides an approach to rank these statements (similar to a 
Likert scale). The details of this process, known as a q-sort, are described in the following 
section. This approach is argued to reduce researcher bias because it utilizes statements 
taken directly from respondents (or existing documents produced by stakeholder groups) 
rather than the researcher constructing statements a priori (Barry and Proops 1999). 
Robbins and Krueger (2000) point out the limits to this claim, as the researcher 
introduces bias through the process of interviewing participants and selecting statements. 
Nonetheless, Q Analysis has gained popularity as a systematic approach to discern and 
construct models of subjectivities.  
Within geography and interdisciplinary environmental studies the approach has 
risen in popularity to elicit different knowledges about environmental resource 
management (Eden, Donaldson, and Walker 2005). The applications of Q Method to 
environmental management are diverse, but the approach is argued to improve 
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stakeholder engagement to support early stages of environmental policy analysis 
(Addams and Proops 2000) and in supporting the creation of sustainable development 
policies (Steelman and Maguire 1999; Clarke 2002). Q has been used to examine 
attitudes towards very specific policy interventions, as well as broader attitudes towards 
sustainability and environment. Robbins (2006) applied Q method to assess different 
understandings of environmental management and wolf reintroduction in areas 
surrounding Yellowstone National Park. Likewise, Q method has been employed to 
examine other specific policy implementations and issues, such as renewable energy 
(Ellis, Barry, and Robinson 2007). Through this approach, researchers have studied 
discursive alliances among different stakeholder groups (Robbins 2006; Curry, Barry, 
and McClenaghan 2013) and among members of individual organizations (e.g. Barry and 
Proops 1999). As in this study, this approach has also been applied to issues that regard 
landscape management, such as wildlife conservation (Mattson et al. 2006), and farmer 
perspectives on environmental management (Davies and Hodge 2007). These approaches 
have also offered insights into the different preferences and attitudes of locals and tourists 
regarding landscape management (Fairweather and Swaffield 2001).  
 
4.3.2 The Interviews 
During the months of April to July 2014, forty semi-structured interviews were 
conducted with representatives from public and private development programs, 
agricultural specialists (government and community organizations), and conservation 
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organizations. The interviews sought to elicit a wide array of issues and concerns 
surrounding the themes of conservation and development, allowing the interviewees to 
expand on perceived issues. All of the interviews began with questions about 
development challenges, conservation concerns, and strategies to address these issues. 
Interviewees were asked to discuss matters in the Kilombero Valley specifically, though 
relevant national level policies were also discussed.  
The next stage of q-method is the selection of the concourse, or the statements 
that will be used in the subsequent q-sort. From the interviews, I selected a series of over 
200 quotes that represented subjective views on development and conservation, policy 
priorities, and general perceptions of environmental change and processes. These quotes 
were reduced to 26 statements that reduced redundancy and represented divergent views 
on development priorities, ecological processes, and normative views of environmental 
management (Table 19), which were paraphrased as necessary, and placed on notecards. 
The number of quotes was selected to maintain brevity of the q-sort in order to allow 
respondents to more carefully consider each statement. A professional translator 
converted the statements to Swahili, and these translations were posted on the reverse 
side of the notecards, allowing participants to reference either side as necessary.  
After the selection of the q statements, I returned to the offices of each agency and 
to villages to conduct the q-sort. 24 of the participants were the original interviewees. 
Another five interviewees were not available to meet again, and were substituted by other 
representatives from their organizations when possible. Q method is flexible and does not 
require that the interviewees be the same individuals as those that conduct the sort. 
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During the q-sort, respondents read through the statements, and first place each card into 
one of three piles, indicating if they agree, disagree or feel neutral. This portion of the 
analysis is primarily intended to help the participants to think through all of the 
statements and to aid the second stage of the sort. Although these initial results are not 
used in the subsequent factor analysis, they can provide useful information for assessing 
the perceptions on specific issues.  
 
Table 18: Q-Sort Participants by Sector, Organization Type, and Location 
	 	 NGOs	 Governmental	 Kilombero	
District		
Morogoro	or	Dar	es	
Salaam	
Conservation	 6	 5	 1	 2	 4	
Development	 9	 8	 1	 8	 1	
Agricultural	 14	 8	 6	 8	 6	
 
Next, respondents organized the cards based on their level of agreement or 
prioritization of the statements. We employed an approach common to q-method, and 
provided a template to organize the cards. The template is shown in Figure 9. The 
symmetrical pyramidal shape forces participants to prioritize statements relative to each 
other, but this structure is not necessary to conduct Q-analysis and the specific 
distribution used does not have a major impact of the results (McKeown and Thomas 
1988). Each card’s position was recorded and input into a table, specifying the 
corresponding column. Respondents that were unable to meet in person used a web-based 
tool that recreated this process. Four respondents, who were considered critical to the 
study, used this online form in lieu of an in-person meeting.   
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Following data entry, we identified underlying knowledge axes through the 
statistical transformation described above. We followed the traditional approach applied 
in Q-method, first conducting a principal components analysis to the inverted dataset, 
then applying a Varimax rotation. The strategy here does not seek to gather expert 
information nor affirm any of the positions presented during interviews. Rather, this 
method is intended to reveal where different perceptions and understandings converge 
and conflict, and how these may relate to different political, economic, and social ideas.  
   
 
Figure 10: Template Used for Q-sort 
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Table 19: Concourse Statements for Q-analysis 
# Statement 
1 If smallholders increase their yield gains, then deforestation will be reduced. 
2 The soil quality is becoming a problem here because the people are always just planting one type of 
crop in large areas (monoculture). 
3 I would say that agriculture depends on the park. For example, the forest provides flood control and is 
a source of rains. The parks provide benefits for people and the agriculture. 
4 We need to establish a principle that water is not free. If irrigation programs are going to expand, 
farmers should pay the price of the protection of the water in the mountains. 
5 Farmers are using agrochemicals now, and this creates a lot of environmental threats. The people 
should use chemicals only as a last resort. 
6 I am worried about conservation because the population is getting to be too big here. It is going to be a 
big issue. 
7 The market for agriculture is working now. In the past, there was no market and the government did 
everything. Now the market does it itself. 
8 I think that the key to solving the resource problem in the Kilombero is to get viable off-farm 
activities. 
9 Unlocking land for investment is difficult. The law deliberately made it difficult. 
10 The biggest risk for agriculture is policy predictability. 
11 Everyone is talking about investment in land in Tanzania. But where is the land? Most villages only 
have enough for the villagers. 
12 All of these government agricultural policies claim to provide a high standard of living, but the 
initiatives do not benefit small producers, only large farmers. 
13 The main issue in Tanzania is that farmers produce grains and harvest in June. Then from June to 
December, they don’t have anything to do. That is why the houses go in the vicious cycle of food 
insecurity. 
14 Changes in the climate are making the rains less predictable, so farmers don’t know what to do. 
15 The management of protected lands leaves a lot to be desired. The parks are underfunded and 
understaffed. So people encroach on the reserve areas. 
16 Human animal conflict is not much of a problem. Sometimes the elephants come down in the rains 
and get into crops, but it is not a critical problem. 
17 Tanzania is, in essence, an agricultural country where agriculture means almost everything. 
18 People need to plant trees in their areas and use those trees to support their lives. That way, people 
will stop getting firewood from the forests. 
19 As agriculture becomes more efficient, I think that it will increase pressure on lands because if 
agriculture is more profitable, more people will open up new land to grow rice. 
20 Most of the new growth is in cash crops, not food crops, so you will find a reduction in food security. 
21 One of the best ways to help small farmers is to connect them with big farms, so that the small farmers 
grow for the big farms and are connected to the market. 
22 Farmers should diversify their farming systems, growing multiple crops to reduce risk and to improve 
their livelihoods. 
23 Water will not be a problem in the future here because most people are already doing agriculture. 
They produce more on that parcel of land, but water demand will be the same. 
24 For conservation we need corridors [protected areas of land connecting the parks]. It is very important 
for the balance between conservation and agricultural activities. 
25 The changes in agriculture do not have much impact on the conservation areas because the park is 
well protected. 
26  Most people here just farm out of habit. They are not thinking about how they can do new things. 
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4.4 Results 
The results provided four key discourses, which are discussed in detail below. 
From these results, two statements were identified as consensus statements, presenting 
opportunities for cooperation and collaboration between various stakeholders. First, all 
groups agree that there is a need to develop corridors to balance agriculture and 
conservation objectives. Furthermore, all groups are ambivalent regarding the benefits of 
government agricultural policies for smallholders versus large farmers. On the one hand, 
respondents do not appear to feel strongly that government programs are favoring one 
group more than the other. On the other hand, this indicates that despite much discussion 
about the benefits of agricultural development for smallholders, the respondents were 
skeptical of these benefits. While there appears to be consensus on these matters, there 
was less agreement over several other statements, which were instrumental in 
differentiating four different factors that are interpreted below.   
4.4.1 Factor 1: Livelihood intervention and environmental ambivalence 
Factor one shows a belief that farmers need to diversify their production systems, 
but that farmers are simply farming out of habit rather than innovating. Despite these 
concerns regarding farming practices, this discourse does not identify policy 
predictability as the main source of these problems. This discourse prioritizes the 
transformation of agricultural practices, and sees diversification as an important strategy. 
The need for farmers to change their practices is complemented by a belief that farmers 
are not currently trying to change their behaviors; rather they are simply acting out of 
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habit. This outlook reflects a perceived need for intervention in order to catalyze changes 
in farmer’s behaviors and to create new opportunities for diversification.  
Supporting this interventionist stance, the members of this group show some 
agreement with the idea of creating a principle of payments for water, but err on the side 
of neutrality. This attitude is accompanied by a general neutrality about the links between 
agriculture and conservation. The benefits of the park to agriculture are not a primary 
concern, nor does this group feel strongly that farmers are reducing soil quality through 
monocultures. Despite the emphasis on diversification, this does not appear to have an 
explicitly environmental bend – statements explicitly related to conservation were not 
associated with this factor, and those related to environmental processes often had neutral 
q-scores (close to zero).  Diversification, rather, is a strategy for economic development 
and to enhance rural livelihoods.  
The counter to this factor would be a view of diversification as a low priority due 
to an already high level of innovation among farmers. Individuals that are negatively 
associated with this factor would not see policy predictability as a major problem for 
farmers and would hold a much more optimistic view of a business-as-usual scenario for 
agriculture.  
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Table 20:  Factor Loadings and Influential Statements 
No. Statement Excerpt Q-SV Z-SCR 
Factor 1 
2 The soil quality is becoming a problem here because the people… -1 -0.34* 
3 I would say that agriculture depends on the park. For example… 0 -0.23* 
4 We need to establish a principle that water is not free. If… 1 0.43* 
10 The biggest risk for agriculture is policy predictability… 1 0.71* 
26 Most people here are just farming out of habit. They are not… 3 1.22* 
22 Farmers should diversify their farming systems, growing multiple… 4 2.14* 
Factor 2 
21 One of the best ways to help small farmers is to connect the… -2 -0.94* 
17 Tanzania is, in essence, an agricultural country where agriculture… 0 -0.19* 
14 Changes in the climate are making the rains less predictable… 0 -0.07* 
15 The management of protected lands leaves a lot to be desired… 1 0.59* 
4 We need to establish a principle that water is not free. If… 2 1.12* 
5 Farmers are using agrochemicals now, and this creates a lot… 3 1.35* 
6 I am worried about conservation because the population is… 3 1.46* 
Factor 3 
8 I think that the key to solving the resource problem in the… -3 -1.49* 
1 If smallholders increase their yield gains, then deforestation… -3 -1.17* 
11 Everyone is talking about investment in land in Tanzania. But… -2 -1.16 
15 The management of protected lands leaves a lot to be desired… 0 -0.1 
9 Unlocking land for investment is difficult. The law deliberately… 1 0.40* 
20 Most of the new growth is in cash crops, not food crops, so… 1 1.06* 
21 One of the best ways to help small farmers is to connect the… 2 1.22 
17 Tanzania is, in essence, an agricultural country where agriculture… 2 1.24* 
18 People need to plant trees in their areas and use those tree… 4 1.82* 
Factor 4 
16 Human animal conflict is not much of a problem. Sometimes… -4 -1.48* 
10 The biggest risk for agriculture is policy predictability… -2 -1.02 
25 The changes in agriculture do not have much impact on the… -1 -0.77 
11 Everyone is talking about investment in land in Tanzania. But… 1 0.41* 
3 I would say that agriculture depends on the park. For example… 2 0.61 
13 The main issue in Tanzania is that farmers produce grains and… 3 1.47* 
14 Changes in the climate are making the rains less predictable… 3 1.86 
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4.4.2 Factor 2: Scarcity and Degradation – Environmental protectionism 
Factor 2 captures a view of development and conservation as adversarial; inherent 
in this view are Malthusian notions of resource scarcity and concerns over the 
destructiveness of agriculture. Individuals strongly associated with this factor agree that 
the growing population is a problem for conservation objectives in the Kilombero Valley. 
The use of agrochemicals is a concern, as this factor is associated with a belief that 
current usage is creating environmental problems. As these human threats to conservation 
advance, individuals with this viewpoint believe that more efforts are needed to protect 
the surrounding parklands. Along with the need for greater protections of the park, this 
factor also shows a support for greater water management and payment schemes for 
farmers.  
The view of development does not favor proposed solutions to support 
agricultural growth by connecting smallholders with larger farms through outgrower 
programs. The less favorable view of outgrower programs is coupled with a general 
ambivalence toward Tanzania’s identity as an agricultural country and the ability of 
farmer’s to adapt to changing climatic conditions. In combination, these viewpoints 
reflect a prioritization of conservation objectives with an emphasis on the negative 
impacts of agricultural growth.  
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4.4.3 Factor 3: Agricultural Fatalism 
Factor 3 presents a viewpoint of agriculture as a critically important part of the 
identity and economy of Tanzania. This factor reflects a major concern for the future of 
agricultural development in the Kilombero Valley. High factor three scores also show a 
belief in the importance of on-farm efforts to reduce dependence on forest areas. This 
viewpoint places an emphasis on in situ conservation, but shows ambivalence toward the 
efficacy of formal conservation efforts, i.e. protected areas. Planting trees on farms is 
important for the production of firewood, but other on acitivities of farmer’s are not seen 
as positively contributing to conservation. Agricultural efficiency is not seen as a strategy 
to slow the pace of deforestation nor are off-farm activities viewed as a key solution to 
reduce resource dependence. Rather, agriculture is a necessary activity, which can be 
supported by connecting smallholders with large producers as outgrowers. Whereas other 
factors represent views of outgrower programs as limited by the availability of land for 
investment, those aligned with factor 3 are not concerned with about a scarcity of land for 
investors. Rather, lack of land scarcity is a matter of policy, thus presumably considered 
to be reparable.  Interestingly, although this group’s support of agricultural investment 
and growth, they feel that increasing cash crop production is jeopardizing food security.   
 
4.4.4 Factor 4: Reciprocal human-environment relationship, Dualists 
Factor 4 is somewhat of a hybrid of factors 1 and 2, reflecting an interest in the 
interrelationship between environmental and social change. This view is concerned with 
human impacts on the environment, but also recognizes the reciprocal impact on humans. 
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Individuals that weight heavily on this factor feel that agriculture is dependent upon the 
parklands and show a major concern for human-environment interactions, particularly 
human-animal conflict, which is seen as a major problem in the area. Likewise, factor 4 is 
associated with a concern that rainfall is changing but farmers do not know how to adapt. 
In contrast, factors 1 and 2 reflected a great concern for agricultural or conservation 
issues, but did not have an apparent interest in their interplay.   
Generally, those that load on this factor are more skeptical of the importance of 
the potential of policy-led development in the area. The efficacy of agricultural 
development programs is drawn into question by a sense of land scarcity.  Furthermore, 
from this viewpoint current agricultural trajectories will contribute to future food 
insecurity: farmers are undermining food security because they are producing grains 
seasonally, and not producing crops during the rest of the year.  
 
4.4.5 Knowledge Axes and Discursive Alliances 
 Though this work seeks to identify idealized viewpoints, these may also be 
viewed as “knowledge axes” (Robbins 2006), as any individual may fit these archetypes 
to varying degrees, thus sitting at different points along these axes. Some individuals may 
have heavily align with multiple factors. Figures 11 and 12 present the factor loadings for 
each respondent, represented on two dimension grids with each axis representing a 
different factor. The results reveal a linear pattern of clusters corresponding to the 
different sectors. The groups do not clearly cluster around a single viewpoint, but instead 
span factors 1 and 2, displaying varying and hybrid viewpoints within the groups. Rather 
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than displaying clear disagreement among these groups – which would be represented by 
negative and positive loadings on these factors – there appears to just be varying levels of 
agreement and emphasis on different viewpoints. There is clear commonality among the 
views of these stakeholders, but the priorities can vary widely.   
 
Figure 11: Respondent Factor Loadings by Sector for Factors 1 and 2 
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Figure 12: Respondent Factor Loadings by Sector for Factors 3 and 4. 
 
4.5 Discussion 
The views outlined above represent divergences, but perhaps more importantly 
demonstrate a series of compromises. Within each of these discourses one can find a 
mixture of ideas regarding rural livelihoods and ecological management. There is no way 
for conservation programs to ignore the needs of rural populations in this increasingly 
human-dominated landscape. Similarly, in an area where natural resource use, 
particularly timber harvest and fishing, continues to be a key livelihood activity, those 
concerned with social and economic development must remain attentive to the impacts of 
the changing environment. Albeit, those primarily concerned with development may not 
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share a concern for the environment for the purpose of biodiversity conservation versus 
the maintenance of ecosystem services. 
Despite the inherent compromise in these discourses, some fundamental 
contradictions will shape the debates regarding policy implementation and land use 
planning. For the protectionists, the human population is a constant threat to conservation 
and any efforts that attract a greater population or that encourage more agricultural 
endeavors may present a seemingly insurmountable obstacle to conservation. When 
humans themselves, not just their actions, are the problem then pessimism and fatalism 
may trump any altruistic hope.  
Distrust, or at least a healthy skepticism, for government interventions and 
programs is pervasive in the Kilombero Valley and reflected in the common ambivalence 
toward the efficacy of current development programs in supporting smallholder farmers. 
Conversations with both public and private organizations, as well as farmers, repeatedly 
revealed a lack of faith in the Tanzanian government’s ability to deliver on promises, 
whether to catalyze agricultural development or to maintain adequate enforcement of 
protected areas. Without this confidence in local institutions, collaborations may halt due 
to perceived or actual lack of governmental support.  
Moving beyond academic debates, the balance between conservation and 
agricultural development, and the programs put in place to shape outcomes in either of 
these have real-world impacts on rural livelihoods. Efforts to conserve the Udzungwa 
Mountains restricted past land uses and altered the behaviors and expenditures of rural 
households. Focus group discussions in the Upper Kilombero Valley frequently led to 
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complaints from villagers regarding the impact of re-gazetting the Udzungwa National 
Park. Many resented that they were no longer permitted to gather timber from the forest, 
and felt deceived that they initially were granted access during a transition period to the 
current protected status. Many that once harvested wood in this area now travel great 
distances to collect free scraps of wood from a timber company, and many must now 
purchase firewood. For some communities, this restriction on timber harvest has been 
especially detrimental because most of the unprotected lands in their communities have 
been converted to sugar cane plantations. In Katarukila, many women, who manage 
home gardens and collect firewood, described the increasing distances that they travel for 
fuelwood and land for subsistence production.  
Deeper in the Valley, other villagers praised the benefits of both forest and 
wetland protection for improving the fisheries that supplement their incomes and diets. 
Villagers closer to the actual Ramsar, however, expressed concern that their farming and 
pasture lands were now restricted. Thus, just as the geography of agricultural 
development impacts conservation endeavors, the geography of conservation is shaping 
the livelihood activities of rural populations. Despite these spatial constraints, many of 
the development endeavors span numerous villages throughout the District, Valley, and 
country. Policy and advocacy generalized to the needs of a larger region will inevitably 
compromise some locally specific needs and interests.  
Within the interviews and Q-sorts, two dominant strategies to improving rural 
livelihoods commonly arose, often in opposition to each other. One group particularly 
favored strategies that focused on intensification of existing commercial production in 
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rice and sugar through partnerships with private investors and large-scale farms. 
SAGCOT and several other public programs are promoting this model of development, 
whereby smallholders serve as outgrowers. While the environmental protectionists 
oppose this model, agricultural fatalists favor this approach. The protectionists are weary 
of agricultural intensification in the Valley and fear the impacts of future development. 
These two discourses about agricultural fatalism and environmental protectionism were 
dominant in interviews among large national agricultural development programs and 
conservation programs, respectively. These results are not surprising, but the emergence 
of the livelihood internventionists and the dualists discourses may be critical to 
supporting compromise and consensus building.  
The discourse of the dualists and interventionists may provide an opportunity to 
link conservation and agriculture through diversification and in situ conservation 
practices favored by these groups. Past studies that demonstrated the potential benefits of 
low density agriculture for biodiversity in the Kilombero Valley (Balmford et al. 2010), 
indicating potential for supporting corridors through appropriate agricultural practices. 
Meanwhile, diversification of agriculture was generally favored by all of the respondents, 
and is well supported in the development literature as a means to enhance incomes and to 
reduce vulnerability to both environmental and economic shocks.  
The research presented here is but one approach to examining and understanding 
development and environment discourse in the Kilombero Valley, and future work could 
seek to engage stakeholders in ways that respond to these findings but also address the 
limitations of Q method. The challenges and limitations of Q Method have been 
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highlighted extensively in previous literature. Despite its promise to reduce researcher 
subjectivity in the research process, Q has been critiqued because it relies on researcher 
interpretations throughout the process from the selection of statements to the 
interpretation of the results. Indeed, the factors themselves could be interpreted in 
multiple ways. The interpretations here and the subsequent titles would likely differ 
under the oversight of another researcher. While Q may not provide a purely quantitative 
approach to the analysis of subjectivity, it offers a transparent and systematic approach to 
analyzing qualitative datasets. Furthermore, the structured output of Q analyses offers 
opportunities for others to review, critique, and re-interpret results. Regardless of these 
limitations, we found, have others, Q to be an appropriate and useful approach to 
examine the perspectives of multiple stakeholders with potential to support decision-
making regarding conservation.  
 
4.6 Conclusions 
In this analysis, we have attempted to examine a broader debate regarding 
inherent tradeoffs between agricultural development and conservation. While these 
debates have played out in academic literature, we are specifically concerned with the 
competing discourses and ideologies that may emanate from practitioners and policy 
makers. We examined the views of an array of stakeholders involved in decision-making 
about the management of lands in Tanzania’s Kilombero Valley where both development 
and conservation efforts are actively underway. Rather than assuming that specific 
sectors or demographic groups would represent homogeneous viewpoints, we sought to 
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characterize the heterogeneous views that permeate discourse about development and 
environment in the region. Q method provided a mechanism to systematically evaluate 
these different subjectivities and identify areas of contestation and consensus. The 
different viewpoints captured by this analysis echo positions present in the conservation 
and development literature.  
The Kilombero Valley is a landscape of great importance to biodiversity 
conservation in Tanzania and the world. The wetlands and miombo forest of the Valley 
itself, as well as its proximity to surrounding protected make this area critically important 
to protecting Tanzania’s wildlife, particularly populations of large mammals. Proposed 
agricultural development in the area is likely to exacerbate conservation concerns, but it 
is quite clear that changes in agricultural production will happen in the near future as 
public and private interests coordinate to intensify and expand commercial production. 
These changes are intended to spur economic growth in the Valley while supporting 
Tanzania’s food security. 
The results of this study show that there are four distinct discourses that surround 
the visions for development and conservation in the Kilombero Valley. Livelihood 
interventionists are skeptical of current commercial development plans, and emphasize 
the need for livelihoods diversification to support household incomes. This group, 
however does not foresee or show great concern for the environmental implications of 
livelihoods change. Meanwhile, the environmental protectionists see ongoing 
development in the Valley as a major threat to conservation efforts and do not see current 
development endeavors as curbing this trajectory. The agricultural fatalists, see 
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agriculture as a key component of rural livelihoods in Tanzania and see some potential 
for agricultural investment and outgrower programs. Through these and other changes to 
land management, they see a potential to reduce the impacts of agriculture. Finally the 
dualists recognize the interplay of agriculture and conservation. This group is very 
concerned with human wildlife conflict, but feels that the parks benefit farmers.  
With a growing number of public and private interests operating in the Kilombero 
Valley, there is a need to coordinate and balance the interests of these diverse 
stakeholders. The results of this study indicate some opportunities for collaboration. 
Unfortunately, there is relatively little interaction and coordination between the many 
organizations operating in the Kilombero Valley, and many residents expressed concern 
that they are not engaged in the planning process despite Tanzania’s policies that are in 
place to support participatory planning. Such collaboration, however, is necessary to 
ensure that agricultural development is not to the detriment of conservation endeavors. 
Likewise, coordination can reduce unintended consequences of conservation for rural 
livelihoods and help to maintain the support of local communities. 
We hope that this effort will help to motivate and reveal opportunities for greater 
coordination in the Kilombero Valley, while also inspiring further investigation of the 
conservation-agriculture nexus at local scales. For studies of land use change and land 
use policy, in particular, research that unpacks the interests and institutions that shape 
decision-making can help to inform sustainable development efforts. Rather than 
continuing to debate the merits of different types of agricultural production at global 
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scales, more effort is needed to situate these debates in the local contexts where they are 
enacted.  
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CHAPTER 5 
CONCLUSIONS 
5.1 Sustainable Agricultural Development and Conservation Pathways 
 Following the research agenda of sustainability science, this dissertation sought to 
develop both applied and basic knowledge that may inform development endeavors that 
balance social and environmental outcomes (Kates et al. 2001). Bridging concepts and 
approaches from land systems (Turner, Lambin, and Reenberg 2007; Turner et al. 2013);  
and sustainable livelihoods (Scoones 1998), this dissertation has conducted a systemic 
analysis of environmental and social dimensions of development endeavors in the 
Kilombero Valley. Acknowledging the importance of perceptions and subjective 
framings in shaping decisions about environmental management (Dryzek 1997) and 
sustainable development (Christen and Schmidt 2012), the fourth chapter of this 
dissertation also explored the various viewpoints of development and environment among 
representatives of stakeholder groups in the Valley. Through this interdisciplinary 
approach, this dissertation examines the impacts of agricultural development in 
Tanzania’s Kilombero Valley and relates these changes to outcomes in food security and 
the environment. In the prior chapters, three key questions were addressed: 
1) What changes in the architecture of the landscape (composition and 
configuration) have emerged since Tanzania’s privatization of agriculture and the 
implementation agricultural development programs in the Kilombero Valley?  
2) Does agricultural and livelihoods diversification contribute to food security of 
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households in Kilombero District?  
3) How do understandings/perceptions of development and environment differ 
among stakeholders in the Kilombero Valley? 
 
 The three-pronged approach quantified changes in landscape composition and 
configuration, characterized household food security in relation to livelihood practices, 
and discerned different subjective positions regarding appropriate development and 
conservation endeavors. Collectively, this information provides a detailed portrait of the 
changing livelihoods and landscape in the Kilombero Valley. In concert, this empirical 
evidence about household food security, stakeholder perceptions, and land change can 
support future sustainable development endeavors that protect the ecological functions of 
the Kilombero Valley while also supporting livelihoods. After revisiting each chapter, we 
synthesize the findings and consider the implications for future development endeavors, 
including the work of SAGCOT and Feed the Future.  
 
5.2 Summary of Chapters 
 The second chapter of the dissertation employed advanced remote sensing 
techniques to measure land cover change in Tanzania’s Kilombero Valley and to 
characterize change in forest and agriculture cover. Using a random forest classifier, we 
created land use maps for 1997 and 2014, thus representing changes proceeding the 
privatization of commercial agriculture in Tanzania and the implementation of the 
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nation’s aricultural development program, Kilimo Kwanza. Post-classification 
comparison of the imagery reveals that forest has been lost at an astounding rate in the 
Kilombero Valley, and much of this has represented a transition to agricultural land uses, 
particularly in Kilombero District. From 1997 to 2014, Kilombero District lost 
approximately 42% of its forested area, while agriculture increased by 93%. Protected 
areas in the Kilombero Valley lost forest and saw agricultural expansion at nearly equal 
rates to unprotected areas, raising questions about the effectiveness of current 
conservation programs.  
Within Kilombero District, however, analysis of land change along a transect 
offers greater insights into these changes. Protected areas appear to be effective in 
slowing agricultural expansion in the Northeastern area of the Kilombero District, where 
the rates of deforestation and agricultural growth were lowest on the transect. To the 
southwest, recent agricultural development, specifically the creation of a rice plantation, 
is concurrent with the highest rates of deforestation. Furthermore, analysis of the 
structure of forest patches shows increasing fragmentation of forests across the entire 
transect, even those areas where deforestation rates are lowest. Thus, while conservation 
areas may remain in tact, the extant patches that provide corridors between these 
preserves are rapidly eroding.  
In the third chapter, the human impacts of agricultural development are 
considered by examining rural livelihood strategies and food security outcomes. This 
research evaluates common assumptions about the relationship between diversification 
and food security. Specifically, this chapter considers if households with more crop 
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diversity or more variation in their livelihood activities display greater food security and 
dietary diversity. Utilizing data from a household survey in eight villages in the 
Kilombero Valley, a series of Mann-Whitney and chi-square tests evaluate these 
relationships. The results suggest that household diversification of food production does 
not always result in improved food security outcomes and households with more 
diversified assets also are not necessarily more food secure. These findings have 
implications for development programs that often employ specific logics regarding the 
supposed benefits of diversification or specialization.  
The fourth chapter seeks to ascertain these different perspectives and logics about 
development and conservation needs in the Kilombero Valley. Employing q-method, this 
chapter reveals four distinct subjectivities or discursive positions that capture the 
perceptions of conservation and development among different stakeholders. The four 
views represent an intersection among different understandings of the local ecology, 
economy, and human behavior. These views vary from a fatalistic position of inevitable 
human devastation of the environment to anthropocentric views that are ambivalent 
towards conservation. Despite the different outlooks on development and environment, 
there were some areas of consensus, particularly regarding the importance of wildlife 
corridors. Furthermore, one perspective emerged that holds a more dualistic view that 
values both conservation and agricultural development without seeing them as 
adversarial. Those that hold this view may potentially provide opportunities for 
collaboration and cooperation amongst stakeholders.  
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5.3 Balancing Conservation and Development 
The remote sensing analysis affirms concerns over the loss of wildlife corridors 
and decreasing forest connectivity in the Kilombero Valley. The scarcity and degradation 
perspective fears that conservation efforts are failing in the region and that growing 
population and changing agricultural practices are central to these impacts. From the land 
change assessment, there is evidence to the claims of environmental degradation. In 
contrast the livelihood interventionists showed little concern regarding the relationship 
between agriculture and protected areas, emphasizing the importance of crop 
diversification and transformation of agricultural practices.  
 If either of these views manifest in the practice of development and conservation 
organizations, the strategies are likely to be very different. Indeed, there is evidence of 
the set of four subjectivities presented in Chapter 4 in the diversity of development 
programs in the Kilombero Valley. Programs in Katarukila and Mang’ula, for instance, 
have focused on diversification of household incomes through beekeeping, agroforestry, 
and horticulture. In contrast, development efforts in Mngeta and Mbingu are primarily 
focused on connecting farmers to markets and expansion of outgrower programs. Again, 
the remote sensing analysis shows that the latter areas are undergoing more rapid 
transitions in production, providing fodder for the environmental protectionist argument. 
Interestingly, strategies of agricultural diversification, which are sometimes presented as 
win-win approaches do not show strong evidence of increasing food security in this 
region. Rather, households with less crop diversity are more likely to report that everyone 
in their home had adequate food supplies. Many boundary-spanning organizations that 
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engage in both environment and development have emphasized the importance of 
diversification, but these are not clear win-win strategies for people and environment as 
commonly presented. Meanwhile, land sparing arguments regarding agricultural 
specialization also appear irrelevant, as areas with highly efficient agriculture display far 
reaching impacts as agriculture expands outward from these new markets. 
 Some of the assumptions of both land sparing and diversification models fail in 
the context of the Kilombero. Following the arguments of Ostrom (2007), there are no 
panaceas for balancing development and conservation. Nonetheless, it is apparent that a 
broader landscape perspective may be necessary to address sustainable development in 
this area. The one item of consensus among all stakeholders was that maintenance of 
environmental corridors is important for the Kilombero Valley. Given this shared interest 
and the evidence of eroding corridors, future efforts should address strategies to support 
the preservation of wildlife corridors, which may include wildlife-friendly areas of low 
intensity land use. Targeted efforts may allow for the benefits of agricultural 
specialization for increased incomes and food security, while reducing the detrimental 
impacts. Such efforts, however require coordination among the multiple programs that 
are vying to transform land uses and livelihoods in the region.  
   
5.4 Contribution and Future Work 
 This dissertation sought to provide empirical evidence to support sustainable 
development efforts in the Kilombero Valley while also advancing basic research through 
the application and evaluation of emerging research methods. Foremost, this dissertation 
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took a systemic approach to evaluating development, addressing divergent priorities in 
sustainable development, food security outcomes associated with different livelihood 
strategies, and changes in land cover. Ultimately, this dissertation has also revealed 
additional research needs in the Kilombero Valley and for sustainable development more 
generally. Above all, this research points to a need for landscape scale assessment that 
links subjective views to actions and material outcomes. Empirical analysis of 
development and conservation outcomes can help to reveal discrepancies within the 
development discourse and support informed decision-making processes that foster 
sustainable landscapes.  
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